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HEPATITIS C INHIBITOR PEPTIDES 
FIELD OF THE INVENTION 

The present Invention relates to compounds, compositions and methods for the 
treatment of hepatitis C virus (HCV) infection. In particular, the present invention 
5 provides novel peptides, analogs and intermediates thereof, pharmaceutical 

compositions containing such peptides and methods for using these peptides in the 
treatment of HCV infection. 

BACKGROUND OF THE INVENTION 

Hepatitis C virus (HCV) is the major etiological agent of post-transfusion and 
) community-acquired non-A non-B hepatitis worldwide. It is estimated that over 150 
million people worldwide are infected by the virus. A high percentage of carriers 
become chronically infected and many progress to chronic liver disease, so called 
chronic hepatitis C. This group is in turn at high risk for serious liver disease such as 
liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to death. 
The mechanism by which HCV establishes viral persistence and causes a high rate 
of chronic liver disease has not been thoroughly elucidated. It is not known how 
HCV interacts with and evades the host immune system. In addition, the roles of 
cellular and humoral immune responses in protection against HCV infection and 
disease have yet to be established. Immunoglobulins have been reported for 
prophylaxis of transfusion-associated viral hepatitis. However, the Center for 
Disease Control does not presently recommend immunoglobulins for this purpose. 
The lack of an effective protective immune response is hampering the development 
of a vaccine or adequate post-exposur^ prophylaxis measures, so in the near-term, 
hopes are firmly pinned on antiviral interventions. 

Various clinical studies have been conducted with the goal of identifying 
pharmaceutical agents capable of effectively treating HCV infection in patients 
afflicted with chronic hepatitis C. These studies have involved the use of interferon- 
alpha, alone and in combination with other antiviral agents. Such studies have 
shown that a substantial number of the participants do not respond to these 
therapies, and of those that do respond favorably, a large proportion were found to 
relapse after termination of treatment. ! 

Until recently, interferon (IFN) was the only available therapy of proven benefit 
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approved in the clinic for patients with chronic hepatitis C. However the sustained 
response rate is low, and interferon treatment also induces severe side-effects (i.e. 
retinopathy, thyroiditis, acute pancreatitis, depression) that diminish the quality of life 
of treated patients. Recently, interferon in combination with ribavirin has been 
5 approved for patients non-responsive to IFN alone. However, the side effects 
caused by IFN are not alleviated with this combination therapy. 

Therefore, a need exists for the development of effective antiviral agents for 
treatment of HCV infection that overcomes the limitations of existing pharmaceutical 
therapies. 

10 HCV is an enveloped positive strand RNA virus in the Flaviviridae family. The single 
strand HCV RNA genome is approximately 9500 nucleotides in length and has a 
single open reading frame (ORF) encoding a single large polyprotein of about 3000 
amino acids. In infected ceils, this polyprotein is cleaved at multiple sites by cellular 
and viral proteases to produce the structural and non-structural (NS) proteins. In the 

15 case of HCV, the generation of mature nonstructural proteins (NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B) is effected by two viral proteases. The first one, as yet 
poorly characterized, cleaves at the NS2-NS3 junction; the second one is a serine 
protease contained within the N-terminal region of NS3 (henceforth referred to as 
NS3 protease) and mediates all the subsequent cleavages downstream of NS3, both 

20 in c/s, at the NS3-NS4A cleavage site, and in trans, for the remaining NS4A-NS4B, 
NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears to serve multiple 
functions, acting as a cofactor for the NS3 protease and possibly assisting in the 
membrane localization of NS3 and other viral replicase components. The complex 
formation of the NS3 protein with NS4A seems necessary to the processing events, 

25 enhancing the proteolytic efficiency at all of the sites. The NS3 protein also exhibits 
nucleoside triphosphatase and RNA helicase activities. NS5B is a RNA-dependent 
RNA polymerase that is involved in thej replication of HCV. 

A general strategy for the development of antiviral agents is to inactivate virally 
encoded enzymes that are essential for the replication of the virus. In this vein, 
30 patent application WO 97/06804 describes the (-) enantiomer of the nucleoside 

analogue cytosine-1 ,3-oxathlolane (also known as 3TC) as active against HCV. This 
compound, although reported as safe in previous clinical trials against HIV and HBV, 
has yet to be clinically proven active against HCV and its mechanism of action 
against the virus has yet to be reported. 
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Intense efforts to discover compounds which inhibit the NS3 protease or RNA 
helicase of HCV have led to the following disclosures: 

US patent 5.633,388 describes heterocyclic-substituted carboxamides and 
analogues as being active against HCV. These compounds are directed against the 
5 helicase activity of the NS3 protein of the vims but clinical tests have not yet been 

reported. 

A phenanthrenequinone has been reported by Chu ef a/ (Tel Lett, (1996) 7229- 
7232) to have activity against the HCV NS3 protease in vitro. No further 
development on this compound has been reported. 

10 A P a P erpresentedattheNinthlntemationa.ConferenceonAnt.viralResearch 

Urabandai, Fukyshima, Japan (1996) (Antiviral Research, 30, 1, 1996; A23 (abstract 
19)) reports thiazolidine derivatives to be inhibitory to the HCV protease. 
Several studies have reported compounds inhibitory to other serine proteases such 
as human leukocyte elastase. One family of these compounds is reported in WO 
95/33764, (Hoechst Marion Roussel, 1995). The peptides disclosed in that 
apphcation are morpholinylcarbonyl-benzoyl-peptide analogues that are structurally 
different from the peptides of the present invention. 
WO 98/17679 from Vertex Pharmaceuticals Inc. discloses inhibitors of serine 
protease, particularly, Hepatitis C tfrus NS3 protease. These inhibitors are peptide 
analogues based on the NS5A/5B natural substrate. All of these peptides contain 
C-terminal activated carbony) function as an essential feature. These peptides were 
also reported to be active against other serine protease and are therefore not 
specific for HCV NS3 protease. 

Hoffman LaRoche has also reported hexapeptides that are proteinase inhibitors 
25 useful as antiviral agents forthe treatment of HCV infection. These peptides contain 
an aldehyde or a boronic acid at the C-|erminus. 

SteinkOhler era/, and Ingallinella etai. nave published on N terminal cleavage 
product inhibition (Biochemistry (1998), '37, 8899-8905 and 8906*914) However 
the peptides and peptide analogues presented do not include nor do they lead to the 
30 design of the peptides of the present invention. 

WO 98/46597 from Emory University discloses serine protease inhibitors, particularly 
Hepatitis C virus protease. All of the compounds disclosed are structural* different 



20 
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from the peptides of the present invention. 

WO 98/46630 from Peptide Therapeutics Ltd. discloses hepatitis C NS3 protease 
inhibitors. However, none of the peptides disclosed are related to the peptides of the 
invention. 

5 JP10298151 from Japan Energy Corp. discloses N-(2,3-dihydroxybenzoyl)- 

substituted serine derivatives as serine protease inhibitors, specifically as hepatitis C 
viral protease inhibitors. These compounds do not contain any structural similarity to 
the peptide analogs of the present invention. 

One advantage of the present invention is that it provides peptides that are inhibitory 
10 to the NS3 protease of the hepatitis C virus. 

A further advantage of one aspect of the present invention resides in the fact that 
these peptides specifically inhibit the NS3 protease and do not show significant 
inhibitory activity at concentrations up to 300 *iM against other serine proteases such 
as human leukocyte elastase (HLE), porcine pancreatic elastase (PPE), or bovine 
15 pancreatic chymotrypsin, or cysteine proteases such as human liver cathepsin B 
(CatB). 

SUMMARY OF THE INVENTION 

Included in the scope of the invention are racemates, diastereoisomers and optical 
isomers of a compound of formula (I): 



P6 P5 P4 P3 P2 P1 



20 




wherein 

a is 0 or 1; b is.O or 1; Y is H or C,* alkyl; 

B is H, an acyl derivative of formula RrC(O)- or a sulfonyl of formula R r S0 2 wherein 

R 7 is (i) Cmo alkyl optionally substituted with carboxyl, d-e alkanoyloxy or 
25 Ci-e alkoxy; 
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(ii) Ca-7 cycloalkyl optionally substituted with carboxyl, <p M alkoxyjcarbonyl or 
phenylmethoxycarbonyl; 

(Hi) C 6 or Co aryl or C 7 . 18 aralkyl optionally substituted with C,« alkyl, hydroxy, 
or amino optionally substituted with alkyl; or 
5 (iv) Het optionally substituted with C^alkyl, hydroxy, amino optionally 

substituted with C^alkyl, or amido optionally substituted with C^alkyf; 
Rs, when present, is C,* alkyl substituted with carboxyl; 
R s . when present, is C« alkyl optionally substituted with carboxyl; 
R4 is Cwo alkyl. C3.7 cycloalkyl or C4-10 (alkylcycloalkyl); 
10 R s is C,., 0 alkyl, Qj.7 cycloalkyl or C4-, 0 (alkylcycloalkyl); 

R 2 Is CHrR». NH-R 20l 0-R M or S-R*. wherein R* is a saturated or unsaturated C^ 7 
cycloalkyl or (alkyl cycloalkyl) being optionally mono-, di- or ^substituted with 

D 



15 R 



or Ra, is a C 6 or C 10 aryl or C™ aralkyl optionally mono-, di- or tri-subsBtuted with 

^211 



or Ra> is Het or (lower alkyl)-Het optionally mono-, di- or tri-substituted with R 21 . 
wherein each R« is independently Chalky); C^alkoxy; amino optionally 
mono- or di-substituted with C„ alkyl; sulfonjrl; N0 2 ; OH; SH; halo; haloalkyl- 
am,do optionally mono-substituted with c„ alkyl, C 6 or C 10 aryl. C 7 ., 6 aralkyl 
20 Het or (lower alkyl)-Het; carboxyl; carboxy(lower alkyl); C 6 or C t0 aryl, C, I6 ' 

aralkyl or Het, said aryl, aralkyl or Het being optionally substituted with R a ; 
wherein R22 is C«alkyl:!c„alkoxy: amino optionally mono- or di- 
substituted with C t< alkyl; sulfonyl; N0 2 ; OH; SH; halo; haloalkyl; 
carboxyl; amide; or (low^r alkyl)amide; 

j 

25 R, is C^, alkyl or C M alkenyl optionally Substituted with halogen; and 
W is hydroxy or a N-substituted amino; j 
or a pharmaceutical^ acceptable salt or ester thereof. 
Included within the scope of this invention is a pharmaceutical composition 
comprising an anti-hepatitis C vira.lv effective amount of a compound of formula I or 

30 a therapeutically acceptable salt or ester thereof, in admixture with a 
pharmaceutical^ acceptable carrier medium or auxiliary agent 
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An important aspect of the invention involves a method of treating a hepatitis C viral 
infection in a mammal by administering to the mammal an anti-hepatitis C virally 
effective amount of the compound of formula I, or a therapeutically acceptable salt or 
ester thereof or a composition as described above. 

Another important aspect involves a method of inhibiting the replication of hepatitis C 
virus by exposing the virus to a hepatitis C viral NS3 protease inhibiting amount of 
the compound of formula I, or a therapeutically acceptable salt or ester thereof or a 
composition as described above. 

Stifranother aspect involves a method of treating a hepatitis C viral infection in a 
mammal by administering thereto an anti-hepatitis C virally effective amount of a 
combination of the compound of formula I, or a therapeutically acceptable salt or 
ester thereof, and an interferon. A pharmaceutical composition comprising the 
combination in admixture with a pharmaceutically acceptable earner medium or 
auxiliary agent is also within the scope of this invention. 
DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

As used herein, the following definitions apply unless otherwise noted: 

With reference to the instances where (fl) or (S) is used to designate the 
configuration of a radical, e.g. R 4 of the compound of formula I, the designation is 
20 done in the context of the compound and not in the context of the radical alone. 
The natural amino acids, with exception of glycine, contain a chiral carbon atom. 
Unless otherwise specifically indicated;! the compounds containing natural amino 
acids with the L-configuration are preferred. However, applicants contemplate that 
when specified, some amino acids of the formula I can be of either D- or L- 
25 configuration or can be mixtures of D- apd L-isomers. including racemic mixtures. 
The designation "Pi, P2, P3 etc." as uspd herein refer to the position of the amino 
acid residues starting from the C-terminus end of the peptide analogues and 
extending towards the N-termlnus (i.e. P1 refers to position 1 from the C-terminus, 
P2: second position from the C-terminus. etc.) (see Berger A. & Schechter I., 
30 Transactions of the Royal Society London series B257, 249-264 (1970)). 

The abbreviations for the a-amino acids are set forth in Table A. 
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TABLE A 



AMIIYU AUIU 


SYMBOL 


Alanine 


Ala 


Aspartic acid 


Asp 


Cysteine 


Cys 


Cyclohexylglycine (also named: 2-amino-2- 
cyclohexylacetic acid) 


Chg 


Glutamic acid 


Giu 


Isoleucine 


He 


Leucine 


Leu 


Phenylalanine 


Phe 


Proline 


Pro 


Valine 


Val 


terf-Butylglycine 


Tbg 



As used herein the term "1-aminocydopropyl-carboxylicacid" (Acca) refers to a 
compound of formula: 

H ° N ^ 0H 

As used herein the term 'ten- butylglycine" (Tbg) refers to a compound of formula: 



The term "residue" with reference to an amino acid or amino acid derivative means a 
radical derived from the corresponding a-amino acid by eliminating the hydroxy! of 
the carboxy group and one hydrogen of the a-amino group. For instance, the terms 
Gin, Ala, Gly, He. Arg, Asp, Phe, Ser, Leu, Cys, Asn, Sar and Tyr represent the 
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"residues" of L-glutamine, L-alanine, glycine, L-isoleucine, L-arginine, L-aspartic 
acid, L-phenylalanine, L-serine, L-leucine, L-cysteine, L-asparagine, sarcosine and 
L-tyrosine ( respectively. 

The term "side chain" with reference to an amino acid or amino acid residue means 
5 a group attached to the a-carbon atom of the a-amino acid. For example, the R- 
group side chain for glycine is hydrogen, for alanine it is methyl, for valine it is 
isopropyl. For the specific R-groups or side chains of the a-amino acids reference is 
made to A.L Lehninger's text on Biochemistry (see chapter 4). 

The term "halo" as used herein means a halogen radical selected from bromo, 
10 chloro, fluoro or iodo. 

The term "Ci-e alky!" or a (lower)alkyP as used herein, either alone or in combination 
with another radical, means straight chain or branched aikyl radicals containing up to 
six carbon atoms and includes, for example, methyl, ethyl, propyl, butyl, hexyl, 1- 
methylethyl, 1-methylpropyi, 2-methylpropyl, 1,1-dimethylethyl (e.g. terf-butyl). 

15 The term "C3.7 cycloalkyl" as used herein, either alone or in combination with another 
radical, means a cycloalkyl radical containing from three to seven carbon atoms and 
includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

The term "unsaturated cycloalkyl" includes, for example, the cyclohexenyl: 

20 The term "C4.10 (alkylcycloalkyl) as used herein means a cycloalkyl radical containing 
from three to seven carbon atoms linked to an alky) radical, the linked radicals 
containing up to ten carbon atoms; for example, cyclopropylmethyl, cyclopentylethyl, 
cyclohexylmethyl, cyclohexylethyl orcyploheptylethyl. 

The term "02.10 alkenyP as used herein| either alone or in combination with another 
25 radical, means an alkyl radical as defined above containing from 2 to 1 0 carbon 
atoms,- and further containing at least one double bond. For example alkenyl 
includes allyl and vinyl. 

The term "Ct^alkanoyl" as used herein, either alone or in combination with another 
radical, means straight or branched 1-oxoalkyl radicals containing one to six carbon 
30 atoms and includes formyl, acetyl, 1-oxbpropyl (propionyl), 2-methyM-oxopropyl, 1- 
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oxohexyl and the like. 

The term tt Ci-6 alkoxy" as used herein, either alone or in combination with another 
radical, means the radical -Ofd* alkyl) wherein alkyl is as defined above containing 
up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-methylethoxy, 
5 butoxy and 1 ,1 -dimethylethoxy. The latter radical is known commonly as te^butoxy. 

The term "C3.7 cycloalkoxy" as used herein, either alone or in combination with 
another radical, means a C3.7 cycloalkyl group linked to an oxygen atom, such as, for 
example: 

10 The term "C 6 or Ci 0 aryT as used herein, either alone or in combination with another 
radical, means either an aromatic monocyclic group containing 6 carbon atoms or an 
aromatic bicyclic group containing 10 carbon atoms. For example, aryl includes 
phenyl, 1 -naphthyl or 2-naphthyl. 

The term "Cy-ie aralkyl" as used herein, either alone or in combination with another 
15 radical, means a C 6 or C 10 aryl as defined above linked to an alkyl group, wherein 
alkyl is as defined above containing from 1 to 6 carbon atoms. Aralkyl includes 
for example benzyl, butylphenyl, and 1-naphthyimethyl. 

i 

The term "amino aralkyl' as used herein, either alone or in combination with another 
radical, means an amino group substituted with a C 7 -i 6 aralkyl group, such as, for 
20 example, the amino aralkyl: 




V 



The term "carboxy(lower)alkyT as usec^ herein, either alone or in combination with 
another radical, means a carboxyi groUp (COOH) linked through a (lower)alkyl group 
as defined above and includes for example butyric acid. 

25 The term "heterocycle" or M Het" as used herein, either alone or in combination with 
another radical, means a monovalent radical derived by removal of a hydrogen from 
a five-, six-, or seven-membered saturated or unsaturated (including aromatic) 
heterocycle containing from one to fourjheteroatoms selected from nitrogen, oxygen 
and sulfur. Furthermore, "Hef as used herein, means a heterocycle as defined 
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above fused to one or more other cycle be it a heterocycle or any other cycle. 
Examples of suitable heterocycles include: pyrrolidine, tetrahydrofuran, thiazolidine, 
pyrrole, thiophene, diazepine, 1H-imidazole t isoxazole, thiazole, tetrazole, 
piperidine, 1,4-dioxane, 4-morpholine, pyridine, pyrimidine, thiazolo[4,5-b]-pyridine, 
5 quinoline, or indole, or the following heterocycles: 

^ 1 , N — •* , N-N N^\^ 

The term "(lower aikylJ-Het" as used herein, means a heterocyclic radical as defined 
above linked through a chain or branched alkyl group, wherein alkyl is as defined 
above containing from 1 to 6 carbon atoms. Examples of (lower alkyl)-Het include: 

Ou CO. . 

or 

10 The term/pharmaceutically acceptable ester" as used herein, either alone or in 
combination with another radical, means esters of the compound of formula I in 
which any of the carboxyl functions of the molecule, but preferably the carboxy 
terminus, is replaced by an alkoxycarbonyl function: 

O 
I 




OR 

in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, o-propyl, 
15 t-butyl, o-butyl); alkoxyalkyl (e.g. methpxymethyl); alkoxyacyl (e.g. acetoxymethyl); 
aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl), optionally 
substituted with halogen, C M alkyl or C M alkoxy. Other suitable prodrug esters can 
be found in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985) incorporated 
herewith by reference. Such pharmaceutical^ acceptable esters are usually 
20 hydrolyzed in vivo when injected in a mammal and transformed into the acid form of 
the compound of formula I. 

With regard to the esters described above, unless otherwise specified, any alkyl 
moiety present advantageously contains 1 to 16 carbon atoms, particularly 1 to 6 
carbon atoms. Any aryl moiety present in such esters advantageously comprises a 
25 phenyl group. 
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11 

In particular the esters mav be a r a \\nA fl d. 

k . Wfl M Ster ' an substituted benzyl ester or fl 

The tan ^rmaceufcair, accept as used hereh .ndndes mose denVed 
^Pha^ce^acce^Pases. E*a,np,eso, su «aNe bases ZT 
<**». e»,ano,an»e and e^ened^ne. Na'. K'. and Ca~ sate are aT 

»» S.M. e, a,.. J. F*arm. sc. „ 977) . m ,. 19 , ^ ^ ^ 

Preferred embodiments 

1 nc, u ded^„ t nescopeo l ,h l s„ re „ fc „a reronwourefso((omiulali( ^ 
B is preferably (VSO, wherein r, fe prefer „ c 

opUonafysubsfflutedwHhCa*,,. ^ 0r0 '° a ^-«^°'He,a,l 

prefere.* c„ alky,. C,« ata* c„ cyctoatky, optol ^ subsB|uted _ ' 
arnido optonally subs«u«ed w» 0„a, W or He* C, or c. aiyi, c, „ 

R,0(O). wherem R> is ^ prefera% Cm a|kyl w Hclerocycl8s ^ k 

' Cx oa oa 




HO. 




.or 




20 




Most preferably, B is H; acetyl; 
Even most preferably, B is acetyl. 

1"^ wilhin .he scope o. ihe ln»en.„„ are compounds o. .or™*, I .herein „ 
present, is the side cham of Asp. At.ema.Ver,. preferably, a is 0 and .hen R, is 
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absent. 

hcbded within the scope of the invention are compounds of formula I wherein, 

preferably, R 5 . when present, to the side chain of an amino acid selected from the 

group consisting of. D-Asp. L-Asp. D-Glu. L-Glu. D-Va.. L-Val, D-tert-butyigrycine 
5 (Tbg) and L-Tbg. More preferably. Rs. when present, is the side chain of D-Asp. D- 

Val or D-Glu. Most preferably. R s , when present, is the side chain of D-Glu. 

Alternatively, preferably a is 0 and b is 0, and then both R 6 and R 5 are absent. 

mciuded within the scope of the invention are compounds of formula I wherein. 

preferably R 4 is the side chain of an amino acid selected from the group consisting 
10 of. Val. cyclohexylglycine (Chg), Tbg. lie or Leu. More preferably. R 4 is the side cha.n 

of Chg or He. Most preferably. R* is the side chain of Chg. 

,ncluded within the scope of the invention are compounds of formula I wherein. 

preferably, Y is H, or Me. Most preferably, Y is H. 

included within the scope of the invention are compounds of formula I wherein, 
preferably. R, is the side chain of an amino acid selected from the group consistmg 
of: lie. Chg. Val or Tbg. More preferably, R 3 to the side chain of Val. Chg or Tbg. 
Most preferably, R 3 is the side chain of Val or Tbg. 

,ncluded within the scope of the invention are compounds of formula I wherein, 
preferably, R, is S-R M or O-R* wherein R w is preferably a C 6 or C, 0 aryl. C 7 ., s 
aralkyl. Het or -CH r Het. all optionally mono-, di- or tri-substituted with R„. 
Preferably. R* is C^ alkyl; C« alkoxy; amino; mono- or di-(lower 
alkyQamino; amido optionally mono-substituted with C« alkyl. C 8 or C 10 aryl. 
C 7 » aralkyl. Het or (lower alkyf)-Het; N0 2 ; OH; halo; trifluoromethyl; carboxyl; 
C 6 or C W aryl. C,,e aralkyl, or Het. said a* aralkyl or Het being optionally 
substituted with R*. More preferably. R„ is ft« alkyl; C,« alkoxy; amino; 
di(lower alkyl)amino; (lower al^amide; C 8 or C 10 aryl, or Het. said aryl or Het 
being optionally substituted with R» 

Preferably. R* is C^alkyl; C^alkoxy. amino; mono- or di-(lower 
alkyOamino; (lower alkyl)amide; N0 2 ; OH; halo; trifluoromethyl; or 
carboxyl. More preferably. Ra is C^alkoxy, amino; di(lower 
alkyl)amino; (lower alkyf)amide; halo; or trifluoromethyl. 
More preferably, R 2 is 1-naphthylmethoxy, 2-naphthylmethoxy; benzyloxy. 1- 
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naphthyloxy; 2-naphthy.oxy; or quinolinoxy unsubstituted . mono- or di-substituted 
with *, as defined above. Most preferably, R 2 is 1-naphty.methoxy; or quindinoxy 
unsubstituted, mono- or di-substituted with R^ as defined above. 
Still, most preferably, R 2 j s : 




20 



25 



More preferably, R„ A is amido optionally mono-substjtuted with C„ alkyl, C 6 or C 10 
aryl, C,, 6 aralkyl or Het; or C 6 or C 10 aryi or Het optionally substituted with R* Most 
preferably, R m is Ce or C 10 aryl or Het, all optionally substituted with R* Most 
preferably, Ra2 is amino; di(loweralkyl)amino : or (lower alkyl)amide. Even most 
) preferably, R^ is amino; dimethylamino; or acetamido. 

Even most preferably, Rj1A is or C t0 aryl or Het, all unsubstituted. 
Preferably, R„ B is realty; C^alkoxy; amino; di(lower alky.,amino; (lower 
alkyl)amide;N0 2 ;OH;halo;trifluoromethyl;orcarboxy.. More preferably, R 21B is c,« 
alkoxy; ordi(loweralkyl)amino. Most preferably, R„ 8 is methoxy. 

Included within the scope of the invention are compounds of formula I wherein 
preferably, R, is methyl, ethy., propyl, vinyl all of which optionally substituted with 
halo. More preferab.y.R, is ethyl, vinyl or bromovinyl. Most preferably, R, is vinyl. 
Included within the scope of the invention are compounds of formu.a I wherein 
preferably, Wis hydroxy or a pharmaceutical* acceptable salt or ester thereof' or 
(lower alkyDamino.didoweralkyDamin'p or amino aralkyl. More preferably Wis 
hydroxy, or N(R 1s .)R 13b wherein R 1S . and R 13b are independently H, aryl or C,. alkyl 
optfonalry substituted with hydroxy or rjhenyl; or a pharmaceuticaHy acceptable salt 
thereof. Most preferably, W is -OH, -MH-benzyl or -NH-CH(Me)Ph. Still most 
preferably, W is -OH or-NH-(S)CH(Me)-phenyl. 

When W is an ester, such ester is preferably selected from C^alkoxy, phenoxy, or 

oTphcS. More preferab * su< * ester is methoxy ' ethoxy> phenoxy - b6 ^' 

As described hereinabove the PI segment of the compounds of formula I is a 
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wherein Ci and C 2 each represent an asymmetric carbon atom at positions 1 and 2 
of the cyclopropyl ring. Notwithstanding other possible asymmetric centers at other 
segments of the compounds of formula I, the presence of these two asymmetric 
centers means that the compound of formula I can exist as racemic mixtures of 
diastereoisomers. As illustrated in the examples hereinafter, the racemic mixtures 
can be prepared and thereafter separated into individual optical isomers, or these 
optical isomers can be prepared by chiral synthesis. 
Hence, the compound of formula I can exist as a racemic mixture of 
diastereoisomers wherein Ri at position 2 is orientated syn to the carbonyl at 
position 1 , represented by the radical: 




or the compound of formula I can exist as a racemic mixture of diastereoisomers 
wherein Ri at position 2 is orientated antfto the carbonyl at position 1 , represented 
by the radical: i 




In turn, the racemic mixtures can be separated into individual optical isomers. 
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A most interesting finding of this invention pertains to the spatial orientation of the P1 
segment. The finding concerns the configuration of the asymmetric carbon at 
position 1 . A preferred embodiment is one wherein asymmetric carbon at position 1 
has the R configuration. 




More explicitly, when carbon 1 has the R configuration, HCV NS3 protease inhibition 
is further enhanced by the position of the substJtuent R, (e.g. alkyl or alkylene) at 
carbon 2 of the cyclopropyl ring. A most preferred compound is an optical isomer 
having the R, substituent and the carbonyl in a syn orientation in the following 
absolute configuration: 




In the case where R t is ethyl, for example, the asymmetric carbon atoms at positions 
1 and 2 have the R,R configuration. 

By way of illustrating the role of the absolute configuration of the substituent on the 
level of potency of the compound, compound 112 (Table 1) having the absolute 
configuration as 1R.2R, has an ICso of 1.6 uM whereas the corresponding 1S,2S 
isomer (compound 113) has an IC50 of j27.5 uM. Therefore, the 1R.2R isomer is 25 
fold more potent than the corresponding 1S.2S isomer. 

Further included in the scope of the invention are compounds of formula I, wherein B 
is H, lower alkyl-C(0)- or Het-C(0)-; 

Re, when present, is the side chain of Asp or Glu; 

R s , when present, is the side chain of b- or L-: Asp, Glu, Val, or Tbg; 

Y is H or methyl; 
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R 4 is the side chain of Val, Chg f Tbg, He or Leu; 

R 3 is the side chain of lie, Chg, Val or Tbg; 

iR 2 is 1-naphthylmethoxy, 2-naphthyfmethoxy, O-Bn, 











NHCOCH 3 , halo. NH 2 . N0 2 , alkoxy 



NHCOCH 3 , halo, NH 2 , N0 2 , alkoxy 



and R22 is amino; di(lower alkyl)amino; (lower alkyl)amide; N0 2 ; OH; halo; CF 3 ; or 
carboxy; 

P1 is a cyclopropyl ring system of formula 

1 

N 
H 

10 ~ ; or 

wherein Ri Is ethyl, vinyl or bromovinyl; and 

W is hydroxy or N(R 13 ,)R 13b wherein R 1? , and R 13b are independently H, aryl or C t< 
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alky! optionally substituted with hydroxy or phenyl; or a pharmaceutical* acceptable 
salt or ester thereof. 

A further preferred group of compounds is represented by formula I wherein B is H 
acetyl or Het-C(0)- : R 6> when present, is the side chain of Asp; R 5l whe n present is 
the side chain of D-Asp, D-Glu or D-Val; Y is H; R 4 is the side chain of Chg or He- R, 
is the side chain of Val, Chg or Tbg; R 2 is 1-naphthylmethoxy. benzyloxy, 4- 
quinoiinoxy, or 




OMe, halo, NH 2 or N0 2 
PI is a cyclopropyl ring system of formula 

.a 




10 o 
wherein R, is Et or -CH=CH 2 or -CH=CHBr; and 
W is hydroxy or -NH-(S)CH(Me)Ph, 
or a pharmaceutical* acceptable salt or ester thereof. 

An even further preferred group of compounds is represented by formula I wherein B 
15 is acetyl; R,, when present, is the side chain of Asp; R 5 , when present, is the side 
chain of D-Glu; Y is H; R, is the side chain of Chg; R 3 is the side chain of Val or Tbg- 



OMe 



P1is: 
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W is hydroxy, or a pharmaceutical^ acceptable salt or ester thereof. 

Finally, included in the scope of the invention is each compound of formula I 

presented in Tables 1 to 5. 
5 According to an alternate embodiment, the pharmaceutical compositions of this 

invention may additionally comprise another anti-HCV agent Examples of anti-HCV 

agents include a- or p-interferon, ribavirin and amantadine. 

According to another alternate embodiment, the pharmaceutical compositions of this 

invention may additionally comprise other inhibitors of HCV protease. 
10 According to yet another alternate embodiment, the pharmaceutical compositions of 

this invention may additionally comprise an inhibitor of other targets in the HCV life 

cycle, including but not limited to, such as helicase, polymerase, metalloprotease or 

internal ribosome entry site (IRES). 

The pharmaceutical compositions of this invention may be administered orally, 
15 parenteral^ or via an implanted reservoir. Orat administration or administration by 
injection is preferred. The pharmaceutical compositions of this invention may 
contain any conventional non-toxic pharmaceuticaliy-acceptable carriers, adjuvants 
or vehicles. In some cases, the pH of the formulation may be adjusted with 
pharmaceutical^ acceptable acids, bases or buffers to enhance the stability of the 
20 formulated compound or its delivery fork The term parenteral as used herein 
includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-articular, 
intrasynovial, intrastemal, intrathecal, and intralesional injection or infusion 
techniques. J 

The pharmaceutical compositions may be in the form of a sterile injectable 
25 preparation, for example, as a sterile injectable aqueous or oleaginous suspension. 
This suspension may be formulated acoording to techniques known in the art using 
suitable dispersing or wetting agents (such as, for example Tween 80) and 
suspending agents. 

The pharmaceutical compositions of this invention may be orally administered in any 
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orally acceptable dosage form including, but not limited to. capsules, tablets, and 
aqueous suspensions and solutions. In the case of tablets for oral use, earners 
which are commonly used include lactose and com starch. Lubricating agents, such 
as magnesium stearate, are also typically added. For oral administration In a ' 
5 capsule form, useful diluents include lactose and dried com starch. When aqueous 
suspensions are administered orally, the active ingredient is combined with 
emulsifying and suspending agents. If desired, certain sweetening and/or flavoring 
and/or coloring agents may be added. 

Other suitable vehicles or carriers for the above noted formulations and 
10 compositions can be found in standard pharmaceutical texts, e.g. in "Remington's 
Pharmaceutical Sciences", The Science and Practice of Pharmacy, i*}" 1 Ed. Mack 
Publishing Company, Easton, Penn., (1995). 

Dosage levels of between about 0.01 and about 100 mg/kg body weight per day, 
preferably between about 0.5 and about 75 mg/kg body weight per day of the 
protease inhibitor compounds described herein are useful in a monotherapy for the 
prevention and treatment of HCV mediated disease. Typically, the pharmaceutical 
compositions of this invention will be administered from about 1 to about 5 times per 
day or alternatively, as a continuous infusion. Such administration can be used as a 
chronic or acute therapy. The amount of active ingredient that may be combined 
20 with the carrier materials to produce a single dosage form will vary depending upon 
the host treated and the particular mode of administration. A typical preparation will 
contain from about 5% to about 95% active compound (wty. Preferably, such 
preparations contain from about 20% to about 80% active compound. 

As the skilled artisan will appreciate, kjweror higher doses than those recited above 
25 may be required. Specific dosage and treatment regimens for any particular patient 
will depend upon a variety of factors, including the activity of the specific compound 
employed, the age, body weight, generjal health status, sex, diet, time of 
administration, rate of excretion, drug combination, the severity and course of the 
infection, the patient's disposition to th<i infection and the judgment of the treating 
30 physician. Generally, treatment is initiated with small dosages substantially less than 
the optimum dose of the peptide. Thereafter, the dosage is increased by small 
increments until the optimum effect urnjer the circumstances is reached. In general, 
the compound is most desirably administered at a concentration level that will 
generally afford antivirally effective results without causing any harmful or deleterious 
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side effects. 

When the compositions of this invention comprise a combination of a compound of 
formula I and one or more additional therapeutic or prophylactic agent, both the 
compound and the additional agent should be present at dosage levels of between 
5 about 1 0 to 1 00%, and more preferably between about 1 0 and 80% of the dosage 
normally administered in a monotherapy regimen. 

When these compounds or their pharmaceutical^ acceptable salts are formulated 
together with a pharmaceutical^ acceptable carrier, the resulting composition may 
b^administered in wVoto mammals, such as man, to inhibit HCV NS3 protease or to 

10 treat or prevent HCV virus infection. Such treatment may also be achieved using the 
compounds of this invention in combination with agents which include, but are not 
limited to: immunomodulatory agents, such as a- t p-, or y-interferons; other antiviral 
agents such as ribavirin, amantadine; other inhibitors of HCV NS3 protease; 
inhibitors of other targets in the HCV life cycle, which include but not limited to, 

15 helicase, polymerase, metalloprotease, or internal ribosome entry site (IRES); or 
combinations thereof. The additional agents may be combined with the compounds 
of this invention to create a single dosage form. Alternatively these additional agents 
may be separately administered to a mammal as part of a multiple dosage form. 

Accordingly, another embodiment of this invention provides methods of inhibiting 
20 HVC NS3 protease activity in mammals by administering a compound of the formula 
I, wherein the substituents are as defined above. 

In a preferred embodiment, these methods are useful in decreasing HCV NS3 
protease activity in a mammal. If the pharmaceutical composition comprises only a 
compound of this invention as the active component, such methods may additionally 

25 comprise the step of administering to said mammal an agent selected from an 

immunomodulatory agent, an antiviral agent, a HCV protease inhibitor, or an inhibitor 
of other targets in the HCV life cycle such as helicase, polymerase, metalloprotease 
or IRES. Such additional agent may be administered to the mammal prior to, 
concurrently with, or following the administration of the compositions of this 

30 invention. 

In an alternate preferred embodiment, these methods are useful for inhibiting viral 
replication in a mammal. Such methods are useful in treating or preventing HCV 
disease. If the pharmaceutical composition comprises only a compound of this 
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invention as the active component, such methods may additionally comprise the step 
of administering to said mammal an agent selected from an immunomodulatory 
agent, an antiviral agent, a HCV protease inhibitor, or an inhibitor of other targets in 
the HCV life cycle. Such additional agent may be administered to the mammal prior 
to, concurrently with, or following the administration of the composition according to 
this invention. 

The compounds set forth herein may also be used as laboratory reagents. The 
compounds of this invention may also be used to treat or prevent viral contamination 
of rjiaterials and therefore reduce the risk of viral infection of laboratory or medical 
personnel or patients who come in contact with such materials (e.g. blood, tissue, 
surgical instruments and garments, laboratory instruments and garments, and blood 
collection apparatuses and materials). 

The compounds set forth herein may also be used as research reagents. The 
compounds of this invention may also be used as positive control to validate 
surrogate cell-based assays or in vitro or in vivo viral replication assays. 
PROCESS 

The compounds of the present invention were synthesized according to the process 
as illustrated in scheme I (wherein CPG is a carboxyl protecting group and APG is 
an amino protecting group): 
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Scheme I 

a ^ 

P1 P1-(worCPG) + APG-P2 ► APG-P2-P1-<w or CPG) 



P2-P1-(w or CPG) + APG-P3 



APG-P3-P2-P1-(w or CPG) 




+ APG-P5 APG-P5-P4-P3-P2-P1 •( w or CPG) 




APG-P6-P5-P4-P3-P2-P1-(w or CPG) f 

B-P6-P5-P4-P3-P2-P1-W 

Formula I 

Briefly, the P1 , P2, P3, P4, and optionally P5 and P6 can be linked by well known 
peptide coupling techniques. The P1 , P2, P3, P4, and P5 and P6 groups may be 
5 linked together in any order as long as the final compound corresponds to peptides 
-of formula 1. For example, P6 can be linked to P5 to give P5-P6 that is linked to P4- 
P3-P2-P1 ; or P6 linked to P5-P4-P3-P2 then linked to an appropriately C-terminal 
protected P1. 

Generally, peptides are elongated by ^protecting the a-amino group of the N- 
10 terminal residue and coupling the unprotected carboxyl group of the next suitably N- 
protected amino acid through a peptkfe linkage using the methods described. This 
deprotection and coupling procedure i$ repeated until the desired sequence is 
obtained. This coupling can be performed with the constituent amino acids in 
stepwise fashion, as depicted in Scheme I, or by condensation of fragments (two or 
1 5 several amino acids), or combination of both processes, or by solid phase peptide 
synthesis according to the method originally described in Merrifield, J. Am. Chem. 
Soc. (1 963), 85. 21 49-21 54, the disclosure of which is hereby incorporated by 
reference. i 

Coupling between two amino acids, art amino acid and a peptide, or two peptide 
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fragments can be earned out using standard coupiing procedures such as the azide 
method, moced carbonic-carboxylic acid anhydride (isobuty. chioroformate, method 
carbodiimide (dicyclohexylcarbodiimide, diisoproptf carbodiimide, or water-solubie ' 
carbodiimide) method, active ester (p-nitrophenyi ester. N-hydroxysuccinic imido 
ester) method. Woodward reagent K-method. carbonyldiimidazole method 
Phosphorus reagents or oxidation-reduction methods. Some of these methods 
(especially the carbodiimide method) can be enhanced by adding 1 - 
hydroxybenzotnazote. These coupling reactions can be performed in erther solution 
(liquid phase) or solid phase. 

More explicitiy. the coupling step Involves the dehydrate coupling of a free carboxyl 
of one reactant with the free amino group of the other reactant in the presence of a 
coupling agent to form a linking amide bond. Descriptions of such coupling agents 
are found in genera, textbooks on peptide chemistay. for example. M. Bodanszky 
Peptide Chemistry". 2nd rev ed.. Springer-Verlag. Berlin. Germany. (1993) ' 
Examples of suitable coupling agents are W./V'-dicyclohexylcarbodiimide 1- 
hydroxybenzotnazole in the presence of /V./v»-dicy C |ohexy.carbodiimide or /v-eth^. 
[^-dimeth^minojpropyocarbodiimide. A very practical and useful coupling agent is 
he commercially available (benzotriazo.-1-yloxy)^ 
hexafluorophosphate, either by itself or in the presence of 1 -hydroxybenzotriazole 
Another very practical and useful coupling agent is commercially available 2-(1 H-' 
benzotriazol-1-yD./v. N, AT, A/'-tetramethyfuronium tetrafluoroborate. Still another very 
practical and useful coupling agent is commercially avaHable 0-(7-azabenzotriazol- 
1 -yl)-W. A/,/V./V'-tetramethyluronium hexafluorophosphate. 
The coupling reaction is conducted in an inert solvent, e.g. dichloromethane 
acetonitrile or dimethylf ormamide. An excess of a tertiary amine e g 
diisopropylethylamine, Mmethylmorpholine or /^methylpyrrolidine. is added to 
mamtaln me reaction mixture at a pH of about 8. The reaction temperature usually 
ranges between 0»C and 50«C and ^reaction «me usuaHy ranges between 15 min 
and 24 h. 

When' a solid phase synthetic approach is employed, the Cterminal carboxylic acid 
is attached to an insoluble carrier (usually polystyrene). These insoluble carriers 
contain a group that will react with the carboxylic group to form a bond that is stable 
to the elongation conditions but readily cleaved later. Examples of which are: chloro- 
or bromomethyl resin, hydroxymethyl resin, and aminomethyl resin. Many of these 
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resins are commercially available with the desired C-terminaJ amino acid already 
incorporated. Alternatively, the amino acid can be incorporated on the solid support 
by known methods Wang, S.-S., J. Am. Chem. Soc, (1973), 95, 1328; Atherton, E.; 
Shepard, R.C. "Solid-phase peptide synthesis; a practical approach" IRL Press: 

5 Oxford, (1 989); 1 31 -1 48. In addition to the foregoing, other methods of peptide 
synthesis are described in Stewart and Young, "Solid Phase Peptide Synthesis", 2 nd 
ed. t Pierce Chemical Co., Rockford, IL (1984); Gross, Meienhofer, Udenfriend, Eds., 
The Peptides: Analysis, Synthesis, Biology", Vol. 1, 2, 3, 5, and 9, Academic Press, 
New-York, (1980-1987); Bodansky et ah, The Practice of Peptide Synthesis" 

1 0 SfJringer-Veriag, New-York (1 984), the disclosures of which are hereby incorporated 
by reference. 

The functional groups of the constituent amino acids generally must be protected 
during the coupling reactions to avoid formation of undesired bonds. The protecting 
groups that can be used are listed in Greene, "Protective Groups in Organic 
1 5 Chemistry", John Wiley & Sons, New York (1 981 ) and The Peptides: Analysis, 
Synthesis, Biology", Vol. 3, Academic Press, New York (1981), the disclosures of 
which are hereby incorporated by reference. 

The a-carboxyl group of the C-terminal residue is usually protected as an ester 
(CPG) that can be cleaved to give the carboxylic acid. Protecting groups that can be 
20 ysed include: 1) alkyt esters such as methyl, trimethylsilylethyl and *-butyt, 2) aralkyl 
esters such as benzyl and substituted benzyl, or 3) esters that can be cleaved by 
mild base treatment or mild reductive means such as trichloroethyl and phenacyl 
esters. 

The a-amino group of each amino acid to be coupled to the growing peptide chain 
25 must be protected (APG). Any protecting group known in the art can be used. 
Examples of such groups include: 1) acyi groups such as formyl, trifluoroacetyl, 
phthalyl, and p-toluenesulfonyl; 2) aromatic carbamate groups such as 
benzyloxycarbonyl (Cbz or Z) and substituted benzyloxycarbonyls, and 9- 
fluorenylmethyloxycarbonyl (Fmoc); 3) aliphatic carbamate groups such as tert- 
30 butyloxycarbonyl (Boc), ethoxycarbonyl, diisopropylmethoxycarbonyl, and 

allyloxycarbonyl; 4) cyclic alkyl carbamate groups such as cyclopentyloxycarbonyl 
and adamantyloxycarbonyl; 5) alkyl groups such as triphenylmethyl and benzyl; 6) 
trialkyfsilyl such as trimethylsilyl; and 7) thiol containing groups such as 
phenylthiocarbonyl and dithiasuccinoyl. The preferred a-amino protecting group is 
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either Boc or Fmoc. Many amino acid derivatives suitably protected for peptide 
synthesis are commercially available. 

The a-amino protecting group of the newly added amino acid residue is cleaved prior 
to the coupling of the next amino acid. When the Boc group is used, the methods of 
5 choice are trifluoroacetic add, neat or in dichloromethane, or HCI in dioxane or in 
ethyl acetate. The resulting ammonium salt is then neutralized either prior to the 
coupling or in situ with basic solutions such as aqueous buffers, or tertiary amines in 
dichloromethane or acetonitrile or dimethylformamide. When the Fmoc group is 
used, the reagents of choice are piperidine or substituted piperidine in 
10 dimethylformamide. but any secondary amine can be used. The deprotection is 
carried out at a temperature between 0»C and room temperature (RT), usually 20- 
22°C. 

Any of the amino acids having side chain functionalities must be protected during the 
preparation of the peptide using any of the above-described groups. Those skilled in 
the art will appreciate that the selection and use of appropriate protecting groups for 
these side chain functionalities depend upon the amino acid and presence of other 
protecting groups in the peptide. The selection of such protecting groups is 
important in that the group must not be removed during the deprotection and 
coupling of the a-amino group. 

For example, when Boc Is used as the a-amino protecting group, the following side 
chain protecting group are suitable: p^toluenesulfonyl (tosyl) moieties can be used to 
protect the amino side chain of amino acids such as Lys and Arg; acetamidomethyl, 
benzyl (Bn), or ^butylsulfonyl moietiesjcan be used to protect the sulfide containing' 
side chain of cysteine; benzyl (Bn) ethers can be used to protect the hydroxy 
containing side chains of serine, threonine or hydroxyproline; and benzyl esters can 
be used to protect the carboxy containing side chains of aspartic add and glutamic 
add. j 

When Fmoc is chosen for the a-amine;protection, usually te/M>utyl based protecting 
groups are acceptable. For instance, Boc can be used for lysine and arginine, ten- 
butyl ether for serine, threonine and hydroxyproline, and terfrbutyl ester for aspartic 
add and glutamic add. Triphenylmethyi (Trityl) moiety can be used to protect the 
sulfide containing side chain of cysteine. 

When Wis an amide (w), P1 is coupled to an appropriate amine prior to the coupling 
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to P2. Such amination will be readily recognized by persons skilled in the art. 

Once the elongation of the peptide is completed all of the protecting groups are 
removed. When a liquid phase synthesis is used, the protecting groups are 
removed in whatever manner is dictated by the choice of protecting groups. These 
5 procedures are well known to those skilled in the art 

When a solid phase synthesis is used, the peptide is cleaved from the resin 
simultaneously with the removal of the protecting groups. When the Boc protection 
method is used in the synthesis, treatment with anhydrous HF containing additives 
such as dimethyl sulfide, anisole, thioanisole, or p-cresol at 0°C is the preferred 

10 method for cleaving the peptide from the resin. The cleavage of the peptide can 
also be accomplished by other acid reagents such as trifluoromethanesulfonic acid/ 
trifluoroacetic acid mixtures. If the Fmoc protection method is used, the N-terminal 
Fmoc group is cleaved with reagents described earlier. The other protecting groups 
and the peptide are cleaved from the resin using solution of trifluoroacetic acid and 

15 various additives such as anisole, etc. 

Synthesis of capping group B and P6, P5, P4, and P3 moieties 

Different capping groups B are introduced to protected P4, P5 or P6 or to any 
peptide segment with an appropriate acyl chloride or sulfonyl chloride that is either 
commercially available or for which the synthesis is well known in the art. 

i 

20 Different P6 to P3 moieties are available commercially or the synthesis is well known 
in the art. 

1 .Synthesis of P2 moieties. 

1.1 Synthesis of precursors: 
A) Synthesis of haloarylmethane derivatives. 
25 The preparation of halomethyl-8-quinoline lid was done according to the procedure 



of K.N. Campbell et al., J. Amer. Cheml 



Soc, (1946), 68, 1844. 
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Scheme II 



10 







N 

OH halo 

He lid 
Briefly, 8-quinoline carboxylic acid Ha was converted to the corresponding alcohol lie 
by reduction of the corresponding acyl halide lib with a reducing agent such as 
lithium aluminium hydride. Treatment of alcohol lib with the appropriate 
hydrohaloacid gives the desired halo derivative lid. A specific embodiment of this 
process is presented in Example 1A. 

B) Synthesis of aryl alcohols derivatives: 

2-phenyl-4-hydroxyquinoline derivatives lllc were prepared according to Giardina et 
al. (J. Med. Chem., (1997), 40, 1794-1807). 

Scheme III 



H 2 N 




"21 B 




1Mb 



PPA 




21 B 



R» & Rjib = alkyi, OH, SH, halo, NH 2 , N0 2 . 

Benzoylacetamide (Ilia) was condensed with the appropriate aniline (lllb) and the 
15 imine obtained was cyclized with polypriosphoric acid to give the corresponding 2- 
phenyW-hydroxyquinoline (lllc). A specific embodiment of this process is presented 
in Example 1B and 1C. 

1.2. Synthesis of PP- 

A) The synthesis of 4-substjtuted proline (wherein R* is attached to the ring via a 
20 carbon atom) (with the stereochemistry as shown): 
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10 



Boc 



COOH 



is done as shown in Scheme IV according to the procedures described by J. 
Ezquerra et al. (Tetrahedron, (1993), 38, 8665-8678) and C. Pedregal et al. 
(Tetrahedron Lett., (1994), 35, 2053-2056). 

Scheme IV 



Boc 




COOBn 



COOH 



IVd 



IVe 



Briefly, Boc-pyroglutamic acid is protected as a benzyl ester. Treatment with 
a strong base such as lithium diisopropylamide followed by addition of an 
alkylating agent (Br-R 20 or l-R 20 ) gives the desired compounds IVe after 
reduction of the amide and deprotection of the ester. 
B) The synthesis of O-aralkylated 4-^hydroxyproline: 



Boc 




.20 



COOH 



15 



When R 20 is aryl, Het, aralkyl, or (lower 1 alkyl)-Het, the process can be carried out 
according to the procedure described by E.M. Smith et al. (J. Med. Chem. (1 988), 
31, 875-885). Briefly, commercially available Boc-4ffl>hydroxyproline is treated with 
a base such as sodium hydride or K-fiijO and the resulting alkoxide reacted with an 
halo-R 20 (Br-R 20 , l-R 20 . etc..) to give the 5 desired compounds. Specific embodiments 
of this process are presented in Examples 2, 3 and 4B. 
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C) Alternatively, when R» is aryl or Hat. the compounds can also be prepared via a 
Mrtsunobu reaction (Mitsunobu (1981). Synthesis. Jarmajv. 1-28; Rano etal (1995) 
TeL Lett. 36J22). 3779-3792; Krchnak etal., (1995). Tet Lett. 36(51, 62193-6196- 
Richter eta,., (1994). Tet. Lett. 35/JZ), 4705^706). Briefly, commercially available 
Boc-4rS>hydroxyproline methyl ester is treated with the appropriate aryl alcohol or 
thiol in the presence of triphenylphosphine and diethylazodicarboxylate (DEAD) and 
the resulting ester is hydrolyzed to the acid. Specific embodiment of this process is 
presented in Example 4A. 

Scheme V 




Ar-OH 




or * f > X = OorS 

Ar-SH 



Va Vb 
Alternatively, the Mitsunobu reaction can be produced in solid phase (Scheme V) 
The 96-well block of the Model 396 synthesizer (advanced ChemTech) is provided 
with aliquots of resin-bound compound (Va) and a variety of aryl alcohols or thiols 
and appropriate reagents are added. After incubation, each resin-bound product 
(Vb) is washed, dried, and cleaved from the resin. 

A Suzuki reaction (Miyaura eta)., (1981), Synth. Comm. U, 513; Sato etal., 
(1989). Chem. Lett. 1405; Wannabe etal.. (1992), Synlett.. 207; Takayuki et 
al.. (1993). J. Org. Chem. 58, 2201 ; Frenette etal.. (1994), Tet. Lett 35{49J 
9177-9180; Guiles etal.. (1996)1 J. Org. Chem. 61. 5169-5171) can also be' 
used to further funcMonalize thejaryi substituent 

2. Synthesis of P1 moieties (2-substituted 1-amlnocyclopropyl carboxyllc acid) 
The synthesis was done according to scheme VI. 
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Scheme VI 



halo 




Vic 




5 a) Briefly, di-protected malonate Via arid 1 ,2-dihaloalkane Vlb or cyclic sulfate Vic 
(synthesized according to K. Burgess and Chun-Yen KE (Synthesis, (1996), 1463- 
1467) are reacted under basic conditions to give the diester Vld. 
b) A regioselective hydrolysis of the less hindered ester is performed to give the acid 
Vie. . 

10 c) This acid Vie is subjected to a Curtius rearrangement to give a racemic mixture of 
1 -aminocyclopropylcarboxylic acid derivatives Vlf with R 1 being syn to the carboxyl 
group. A specific embodiment for this synthesis is presented in Example 5. 
d, e) Alternatively, selective ester formation from the acid Vie with an appropriate 
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0 A Curtus reanangemen, on Vlh gives a racemic mwure of 1. 
aminocydopropylcaitooxylic acid derivatives VM with R 1 group being anff to the 
ca*oxy- »™p. A spe* embodiment ,o, this s^ „ h ^ 

An M, synthesis tor the p^on o, derived Vlf {when R' is vlny,, syn to 
the carboxyl group) is described below. 



Scheme VII 



Pri N' 



C0 2 P 



+halo' 



>V\jOLP 



Vita 



Vllb 



Ph 



10 



Vile 

vinyl syn to the ester 



HCI H 2 N C0 o P 
Vlld 2 
vinyl syn to the ester 




Treatment of commercially available imine Vila with 1 ,4-dihalobutene Vllb in 
presence of a base produces, after hydrolysis of the resulting imine V„c ( V.ld having 



15 



20 



brrrr" abMecnan "°r mtosa, ^ , ^-v,,d ) oan 

i 

1) enzymatic separation (Examples 9 and 13); 

2) crystallization with a chiral acid (Example 14); or 

3) chemical derivatization (Example 6)] 

Foltowing resolution, determination of tie absolute stereochemistry can be carried 
out as presented in Example 7. 

_ ^^"^stereochemistrydeterminationcan 

manner for the enantiomeric mixtures at carbon 1 wherein the subset a, C2 is 
ants to the carboxyl group (Vii). 

25 Accordingly, the invention further comprises a process for the preparation of , 



fa 
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peptide analog of formula (I) wherein P1 is a substituted aminocyclopropyl carboxylic 
acid residue, comprising the step of: 

coupling a peptide selected from me group consisting of: APG-P6-P5-P4-P3-P2; 
APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2; 

5 with a P1 intermediate of formula: 




wherein Ri is alkyl or Cz-e alkenyl optionally substituted with halogen, CPG is a 
carboxyl protecting group and APG is an amino protecting group, and P6 to P2 are 
as defined above. 

10 Finally, the invention also comprises the use of an intermediate of formula: 

YT7 x — ?florS 




V ^O-CPG 31 .O-CPG 

° 

wherein Rt is C1-6 alkyl or C 2 -6 alkenyl optionally substituted with halogen, for the 
preparation of a compound of formula I as defined above. 

EXAMPLES 

i 

15 The present invention is illustrated in further detail by the following non-limiting 
examples. 

Temperatures are given in degrees Celsius. Solution percentages express a weight 
to volume relationship, and solution ratios express a volume to volume relationship, 
unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were recorded 
20 on a Broker 400 MHz spectrometer; the chemical shifts (8) are reported in parts per 
million. Hash chromatography was carried out on silica gel (Si02) according to 
Still's flash chromatography technique (yV.C. Still et al., J. Org. Chem. (1978), 43, 

i 

2923). I 

Abbreviations used in the examples include Bn: benzyl; Boc: tert-butyloxycarbonyl 
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{Me 3 COC(0)}; BSA: bovine serum albumin; CHAPS: 3.[(3-cho.amidopropy1,. 
d.methyiammonioJ-1^^ 

CH^ DCM: methylene chloride; DEAD: diethyiazodicarboxylate; DIAD- 
diisopropylazodicarboxylate; DIPEA: diisopropylethylamine; DMAP: 
5 dimethylaminopyridine; DCC: 1,3-dicydohexylcarbodiimide; DME: 1,2- 

dimethyoxyethane; DMF: dimethytformamide; DMSO: dimethylsulfoxide- DTT" 
d ™°Molorthr^ 

az.de; EDTA: ethylenediaminetetraacetic acid; Ef ethyl; EtOH: ethanol; EtOAc* ethyl 
acetate; EfcO: diethyl ether; HATU: [0-7-azabenzotriazol-1-yl)-i 1 3 3 - 
10 tetramethyluronium hexafluorophosphatej; HPLC: high performance liquid 
chromatography; MS: mass spectrometry (MALDI-TOF: Matrix Assisted Laser 
Disorption lonization-Time of Right, FAB: Fast Atom Bombardment); LAH: lithium 
aluminum hydride; Me: methyl; MeOH: methanol; MES: (2-fN-morpholinoJethane- 
sulfonic acid); NaHMDS: sodium bis(trimeth y lsilyl)amide; NMM: N-methylmorpholine- 
15 NMP:N-methylpvrrolidine;Pn propyl; Succ: 3-carboxypropanoyl; PNA- 4 - 

nitrophenylamino or p-nitroaniline; TBAF: tetra-n-butylammonium fluoride- TBTU- 2- 
(1H-benzotria 2 ole-1-yl)-l,i,3,3.tetramethyluronium tetrafluoroborate; TCEP- tris(2 
carboxyethyl) phosphine hydrochloride; TFA: trifluoroacetic acid- THF- 
tetrahydrofuran; TIS: triisopropylsilane; TLC: thin layer chromatography- TMSE- 
20 trimethylsilylethy1;Tris/HCI:tris(hydroxymem^ ' 

P2 BUILDING BLOCKS 

Example 1A 

Synthesis of bromomethyl-8-quinoline (1 A): 




(1A) 

25 To commercialry ava.lable 8-quinoline carboxylic add (2.5 g, 14.4 mmol) was added 
neatthionyl chloride (10 ml, 144 mmol); This mixture was heated at 80'C for i h 
before the excess thionyl chloride was distilled off under reduced pressure To the 
resulting brownish solid was added absolute EtOH (15 mL) which was heated at 
80-C for 1 h before being concentrated in vacuo. The residue was partitioned 

30 between EtOAc and saturated aqueous NaHCOa, and the organic phase dried 
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(MgS0 4 ), filtered and concentrated to give a brownish oi! (2.8 g). This material (ca. 
14.4 mmol) was added dropwise over 35 min to a LAH (0.76 g, 20.2 mmol)/Et 2 0 
suspension which was cooled to -60°C. The reaction mixture was slowly warmed to 
-35°C over 1.5 h before the reaction was complete. The reaction was quenched with 

5 MgS0 4 .1 0H 2 O slowly over 30 min and then wet THF. The mixture was partitioned 
between EfcO and 10% aqueous NaHC0 3 .The organic phase was dried (MgS0 4 ), 
filtered and concentrated to give a yellowish solid (2.31 g t 80% over 2 steps) 
corresponding to the alcohol. The alcohol (2.3 g, 11.44 mmol) was dissolved in 
AcOH/HBr (20 mL, 30% solution from Aldrich) and heated at 70°C for 2.5 h. The 

[0 mixture was concentrated In vacuo to dryness, partitioned between EtOAc (1 00 mL) 
and saturated aqueous NaHC0 3 before being dried (MgS0 4 ), filtered and 
concentrated to give the desired compound (1A) as a brownish solid (2.54 g, 100%). 

EXAMPLE 1B 

Synthesis of 2-phenyl-4-hydroxyquinoline (1 B): 



15 




Commercially available ethyl benzoylacetate (6.00 g, 31.2 mmol) was heated at 85°C 
(sealed tube) in 75 mL of 30% Nrt,OH for 2 hours. The solid formed upon cooling 
was filtered and refluxed in water for 2 hours. The solution was extracted three 
times with CH 2 CI 2 . The organic layers were combined, dried over MgS0 4l filtered 
20 and concentrated. The yellow residue Jwas flash chromatographed on silica gel, 
eluting with EtOAcrhexane (3:7), to giv6 the corresponding amide as a white solid, 
1.60 g, 31% yield. j 

This amide (250 mg, 1.53 mmol) was refiuxed using a Dean-Stark apparatus with 
aniline (143 mg, 1.53 mmol) and aniline^HCI (10 mg, 0.08 mmol) in toluene (10 mL) 

25 for 16 h. The solution was concentrated to afford a brown oil that was mixed with 
polyphosphoric acid (2 g) and heated at 135°C for 20 min. The reaction mixture was 
poured into water and adjusted to pH 8; with 5 M NaOH. The aqueous suspension 
was extracted twice with ethyl acetate. |The organic layers were combined, washed 
with brine, dried over MgS0 4l filtered and concentrated. The residue was flash 

30 chromatographed on silica gel, eluting with 3% MeOH in ethyl acetate, to give 2- 
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phenyl-4-hydroxyquihdline (1 B), 67 mg, 20% yield. . • 

'HN M R(DMSO-d 6 )88.11 (d, J = 7 Hz, 1 H), 7.86-7.83 (m, 2 H), 7.77 (d, J = 8 Hz 1 
H), 7.68 (dd, J = 8, 7 Hz, 1 H), 7.61-7.58 (m, 3 H), 7.35 (dd, J = 8, 7 Hz, 1 H), 6.34'( S . 



1H). 
EXAMPLE 1C 



Synthesis of 4-hydroxy-2-phenyl -7-methoxyquinoline (1C) 

. o 

O 0 toluene BO-J 



MeO' ^ "NHj 
a 




Ph 



10 




260-280*0 



.OMe 



POCIjA 



MeO' 




N Ph 



4-hydroxy-2-phenyl -7-methoxyquinoline (e): 

A solution of ethyl benzoylacetate (b) (100.0 g, 0.52 mol), m-anisidine (a) (128 1 g 
1 .04 mol) and 4N HCI / dioxane (5.2 mL) in toluene (1 .0 L) was refluxed for 6.25 h in 
a Dean-Stark apparatus. The cooled toluene solution was successively washed with 
aqueous 10% HCI (2 x 300 mL), 1N NaOH (2 x 300 mL), H 2 0 (300 mL) and brine 
(150 mL). The toluene phase was dried (MgSO<), filtered and concentrated under 
reduced pressure to give a 1.2:1.0 mixture of ester c and amide d (144.6 g, 45% / 
38% crude yield) as a dark brown oil. the crude oil was heated to 280 «C for 80 min 
15 while distilling generated EtOH. The cooled dark solid obtained was triturated with 
CH 2 CI 2 (200 mL). The suspension was filtered and the resulting solid washed with 
CH 2 CI 2 to give e (22.6 g, 17% from a) as a beige solid: »H NMR (DMSO-de) 8 8 00 (d 
J = 9.0 Hz, 1H), 7.81-7.82 (m, 2H). 7.57-7.59 (m, 3H), 7.20 (d, J = 2.2 Hz, 1H), 6 94 ' 
(dd, J = 9.0, 2.2 Hz, 1H), 656 (s, 1H), 3.87 (s, 3H). 

20 4-Chloro-2-phenyl-7-methoxyquinoline:(1C): 

A suspension of e (8.31 g,33.1 mmol)*, POCI 3 (90 mL) was heated to reflux for 2 h 
(clear solution obtained upon heating,/ The reaction mixture was concentrated 
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under reduced pressure. The residue was partitioned between 1N NaOH 
(exothermic, ION NaOH added to maintain high pH) and EtOAc (500 mL). The 
organic layer was washed with H 2 0 (100 mL) and brine (100 mL) then was dried 
(MgS0 4 ), filtered and concentrated under reduced pressure to give 1C (8.60 g, 96%) 

5 as a pale yellow solid: 1 H NMR (DMSO-d 6 ) 8 8.28-8.30 (m, 2H), 8.20 (s, 1H), 8.10 (d, 
J = 9.1 Hz, 1H), 7.54-7.58 (m, 3H), 7.52 (d, J = 2.5 Hz, 1H). 7.38 (dd, J = 9.1. 2.5 Hz, 
1H), 3.98 (s, 3H). This reaction was repeated three times and always gave 96-98% 
yield which is significantly higher that the 68% yield reported in J. Med. Chem. 1997, 
40, 1794. 

10 EXAMPLE 2 

Synthesis of Boc-4fflKn a P ntna,en - 1_ y |methox y> pro,,ne (2): 



Commercially available Boc-4(H>hydroxyproline (5.00 g, 21 .6 mmol) was dissolved 
in THF (100 mL) and cooled to 0°C. Sodium hydride (60% dispersion in oil, 1 .85 g, 

15 45.4 mmol) was added portionwise over 1 0 minutes and the suspension was stirred 
at RT for 1 h. Then, 1-(bromomethyl)naphthalene (8.00 g, 36.2 mmol) (prepared as 
described in E.A. Dixon et al. Can. J. Chem., (1981). 59, 2629-2641) was added and 
the mixture was heated at reflux for 18 h. The mixture was poured into water (300 
mL) and washed with hexane. The aqueous layer was acidified with 10% aqueous 

20 HCI and extracted twice with ethyl acetate. The organic layers were combined and 
washed with brine, dried (MgS0 4 ), filtered and concentrated. The residue was 
purified by flash chromatography (49:49:2 hexane: ethyl acetate: acetic acid) to give 
the title compound as a colorless oil (4.51 g, 56% yield). 'H NMR (DMSO-d 6 ) 
indicated the presence of two rotamers! 6 8.05 (m, 1H), 7.94 (m, 1H), 7.29 (d, J=14 

25 Hz, 1H), 7.55-7.45 (m, 4H), 4.96 (m, 2H), 4.26 (br. s, 1H), 4.12 (dd, J=J=8 Hz, 1H), 
3.54-3.42 (m, 2H), 2.45-2.34 (m, 1H). 2,07-1.98 (m,1H) 1.36 (s. (3/9) 9H), 1.34 (s, 
(6/9) 9H). 




COOH 



(2) 
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Example 3 

Synthesis of Boc-4^?X8K,uinoline-methoxy) proline (3): 



n5 




0) 

Boc-4^-hydroxyproline (1 .96 g ( 8.5 mmol) in anhydrous THF (20 mL) was added to 
a suspension of NaH (1 .4 g, 60% in oil, 34 mmol) in THF (100 mL). This mixture was 
stirred 30 min before bromomethyl-8-quinoline from Example 1 A (2 54 g 1 1 44 
mmol) was added in THF (30 mL). The reaction mixture was heated at 70'C (5 h) 
before the excess NaH was destroyed carefully with wet THF. The reaction was 
concentrated in vacuo and the resulting material was dissolved in EtOAc and H 2 0 
The bas,c aqueous phase was separated and acidified with 10% aqueous HCI to pH 
~5 before being extracted with EtOAc (150 mL). The organic phase was dried 
(MgSO<). filtered and concentrated to give a brown oil. Purification by flash 
chromatography (eluent: 10% MeOH/CHCW gave the desired compound as a pale 
yellow solid (2.73 g, 86%). HPLC (97.5%); 'H-NMR (DM S r>d 6 ) shows rotamer 
populations in a 6:4 ratio, 512-11 A (bs, 1 H), 8.92 (2 xd, J = 4.14 and 4 14 Hz 1H) 
8.38 (2 x d, J = 8.27 and 8.27 Hz, 1 H). 7.91 (d, J = 7.94 Hz, 1H), 7.77 (d, J = 7 0 Hz 
1H), 7.63-7.54 (m, 2H). 5.14 (2 x s, 2H>, 4.32-4.29 (m, 1H), 4.14-4.07 (m, 1H), 3 52-' 
3.44 (m, 2H), 2.43-2.27 (m. 1H), 2.13-2.04 (m, 1H), 1.36 and 1 .34 (2 x s, 9H). 
EXAMPLE 4A 

Preparation of Boc-4(H>{7K:riloroqurnoline-4-oxo)proline (4A): 




' °O^OH 



(4A) 
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Commercially available Boc-4(S)-hydroxyproline methyl ester (500 mg t 2.04 mmol) 
and 7-chloro-4-hydroxyquinoline (440 mg, 2.45 mmol) were placed in dry THF (10 
mL) at 0°C. Triphenylphosphine (641 mg, 2.95 mmol) was added, followed by slow 
addition of DIAD (426 mg, 2.45 mmol). The mixture was stirred at RT for 20 h. The 
5 reaction mixture was then concentrated, taken up in ethyl acetate and extracted 
three times with HC1 1 N. The aqueous phase was basified with Na 2 C0 3 and 
extracted twice with ethyl acetate. The organic layers were combined, dried over 
MgS0 4l filtered and concentrated to give a yellow oil. The oil was purified by flash 
chromatography to give compound 4A methyl ester as a white solid, 498 mg, 58% 



This methyl ester (400 mg, 0.986 mmol) was hydrolyzed with 1M aqueous sodium 
hydroxide (1 .7 mL, 1 .7 mmol) in methanol (4 mL), at 0°C f for 3 h. The solution was 
concentrated to remove the methanol and neutralized with 1M aqueous HCI. The 
suspension was concentrated to dryness and taken up in methanol (20 mL), the 
15 salts were filtered off and the filtrate concentrated to give the desired compound 4A 
as a white solid, 387 mg, quant, yield. 

*H NMR (DMSO-de) (ca. 1:1 mixture of rotamers) S 8.74 (d, J = 5 Hz, 1 H), 8.13-8.09 
(m, 1 H), 7.99 and 7.98 (s, 1 H), 7.58 (d, J = 9 Hz, 1 H), 7.02 (d, J = 5 Hz, 1 H), 5.26- 
5.20 (m, 1 H), 4.10- 4.01 (m, 1 H), 3.81-3.72 (m, 1 H), 3.59 (dd, J = 12, 10 Hz, 1 H), 
20 2.41 -2.31 (m, 2 H), 1 .34 and 1 .31 (s, 9H).; 

EXAMPLE 4B 

Synthesis of Boc-4(RH2-phenyI-7-methoxyquinoline-4-oxo) proline (4B): 



proline (4B): 

25 Potassium tert-butoxide (8.16 g, 72.7 mmol) was added in small portions, over 15 
min, to a solution of commercially available 4-(S)-hydroxyproline (6.73 g, 29.1 mmol) 



10 



yield. 



° (4B) 
HO.I-DimethylethoxyJrartwn^ 
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in DMSO (83 mL) maintained at 25'C. The mixture was stirred at 25'C for 1 5 h 
Chloro-2-phenyl-7-methoxyquinoline 1C (8.61 g, 32.0 mmol) was added in 4 portions 
over 15 min to the reaction mixture. The reaction mixture was stirred at 25«C for 19 
h. The resulting suspension was poured in H z O (650 mL) and the mixture was 
washed with EfeO (3 x 150 mL) to remove excess chloroquinoline (EtOAc was later 
found to be more efficient). The aqueous layer was acidified with aqueous 1N HCI 
(38 mL of calculated 1.5 equiv. required, 43.6 mL) to pH 4 - 5. The white solid that 
precpltated was recovered by filtration. The moist solid was dried under reduced 
pressure over P 2 O s to give the proline derivative 4B (12.6 g. 91%. contains 2 3% w/w 
of DMSO) as a beige solid: 

'H NMR (DMSO-d e ) 6 (2:1 mixture of rotamers) 8.27 (d, J = 7.0 Hz, 2H) 8 00 7 98 
(2d, J = 9.2. -9.2 H 2 , 1H), 7.48-7.56 (m, 3H), 7.45. 7.43 (2s, 1H), 7.39 (d J = 2 5 Hz 
1H), 7.17 (dd. J = 9.2. 2.5 Hz, 1H). 5.53-5.59 (m, 1H), 4.34-4.41 (m. 1H), 3.93 (s 
3H), 3.76 (broad s. 2H). 2.63-2.73 (m, 1H). 2.32-2.43 (m, 1H), 1.36, 1.33 (2s. 9H). 

P1 BUILDING BLOCKS 

EXAMPLE 5 

Synthesis of mixture of (1R, 2R)I(1S, 2R) 1-amlno.2^th y icyclopro Py . carboxyllc 
acid 



20 



25 



But0 2 C 



CO z tBu 



5a 



c)B,HDPPAbere8ne 
reflux ^ 




Me^h^^O h 
5e 



a)50%aq.NaOH 
BnEt,NCI 



d) 1.0MTBAF 

THF *~ 

RT to reflux 



Buto 2 c 



X2 



C0 2 tBu 



5c 



H 2 N CO-tBi 



C0 2 tBu 
5f 

ethyisyn to ester 
mixture (RR)/(SR) 



a) To a suspension of benzyltrlethylammonium chloride (21.0 g. 92.19 mmol) in a 
50% aqueous NaOH solution (92.4 g in185 mL HaO) were successively added di- 
terrtutylmalonate (20.0 g. 92.47 mmol):and 1.2-dibromobutane (30.0 g. 138 93 
mmol). The reaction mixture was vigorously stirred overnight at RT, a mixture of ice 
and water was then added. The crude product was extracted with CH.Cfc (3x) and 
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sequentially washed with water (3x) and brine. The organic layer was dried (MgS0 4 ), 
filtered and concentrated. The residue was flash chromatographed (7 cm, 2 to 4 % 
EfcO in hexane) to afford the desired cyclopropane derivative 5c (19.1 g, 70.7 mmol, 
76% yield). 1 H NMR (CDCfe) 8 1 .78-1 .70 (m, 1 H). 1 .47 (s. 9H), 1 .46 (s, 9H), 1 .44- 
5 1 .39 (m, 1 H), 1 .26-1 .64 (m, 3H). 1 .02 (t, 3H. J= 7.6 Hz). 

b) To a suspension of potassium fert-butoxide (6.71 g, 59.79 mmol, 4.4 eq.) in dry 
ether (100 mL) at 0°C was added H 2 0 (270 \xl, 15.00 mmol, 1 .1 eq.). After 5 min 
diester 5c (3.675 g, 13.59 mmol) in ether (10 mL) was added to the suspension. The 
reaction mixture was stirred overnight at RT, then poured in a mixture of ice and 

10 water and washed with ether (3x). The aqueous layer was acidified with a 1 0% aq. 
citric acid solution at 0°C and extracted with AcOEt (3x). The combined organic layer 
was successively washed with water (2x) and brine. After the usual treatment 
(NazSO* filtration, concentration), the desired acid 5d was isolated as a pale yellow 
oil (1.86g. 8.68 mmol, 64% yield). *H NMR (CDCI 3 ) 8 2.09-2.01 (m, 1H), 1.98 (dd, J= 

15 3.8, 9.2 Hz. 1H), 1.81-1.70 (m, 1H). 1.66 (dd. J= 3.0. J= 8.2 Hz. 1H). 1.63-1.56 (m. 
1H), 1.51 (s. 9H), 1.0 (t, J= 7.3 Hz, 3H). 

c) To the acid 5d (2.017 g, 9.414 mmol) in dry benzene (32 mL) were successively 
added EtgN (1.50 mL. 10.76 mmol. 1.14 eq.) and DPPA (2.20 mL. 10.21 mmol. 1.08 
eq.). The reaction mixture was refluxed for 3.5 h then 2-trimethylsilylethanol (2.70 

20 mL, 1 8.84 mmol, 2.0 eq.) was added. The reflux was maintained overnight then the 
reaction mixture was diluted with Et 2 0 and successively washed with a 10 % 
aqueous citric acid solution, water, saturated aqueous NaHC0 3 , water (2x) and 
brine. After the usual treatment (MgS0 4 , filtration, concentration) the residue was 
purified by flash chromatography (5 cm, 10% AcOEt- hexane) to afford the desired 

25 carbamate 5e (2.60 g, 7.88 mmol, 84% yield) as a pale yellow oil. MS (FAB) 330 
(MH*); *H NMR (CDCI 3 ) 8 5.1 (bs. 1H), 4.1*4.13 (m, 2H). 1.68-1.38 (m. 4H), 1 .45 (s. 
9H), 1.24-1.18 (m, 1H), 1.00-0.96 (m, 5H), 0.03 (s, 9H). 

d) To carbamate 5e (258 mg, 0.783 mmol) was added a 1 .0 M TBAF solution in THF 
(940 uL, 0.94 mmol, 1 .2 eq.). After 4.5 h an additional amount of 1 .0 M TBAF was 

30 added (626 \iL, 0.63 mmol. 0.8 eq.). The reaction mixture was stirred overnight at 
~ RT, refluxed for 30 min and then diluted with AcOEt The solution was successively 
washed with water (2x) and brine. Atterithe usual treatment (MgS0 4 , filtration and 
concentration) the desired amine 5f was isolated ( 84 mg, 0.453 mmol, 58 % yield) 



Printed from Mimosa 00/03/16 13:37:51 Page: 42 



WO 00/09558 



PCT/CA99/00737 



41 



10 



15 



as a pale yellow liquid. 'H NMR (CDCI 3 ) 6 1.96 (bs, 2H), 1.60-1.40 (m, 2H), 1 47 (s 
9H), 1.31-1.20 (m, 1H), 1.14 (dd, J= 4.1, 7.3Hz, 1H), 1.02 (dd, J=4.1, 9.2 Hz 1H) 
0.94 (t, J= 7.3 Hz, 3H). ' 



EXAMPLE 6 



Chemical resolution of MmtyKW, 2R)f(1S, 2R) 1.amino-2^thylcyclopropyl 
carboxylate (from Example 5): 

• ^ Jh Jh 

(R,R)/{S,R) 0 

6a 6b 
Isomers separated by column chromatography. 
RR Isomer SR Isomer 

Compound 5e from Example 5 (8.50 g , 25.86 mmol) was treated with 1M 
TBAF/THF (26 mL) at reflux for 45 min. The cooled reaction mixture was diluted 
with EtOAc. washed with water (3x) and brine (1x). then, dried (MgS0 4 ), filtered and 
evaporated to provide the free amine as a light yellow oil. The free amine was 
dissolved in anhydrous CH 2 CI 2 (120 mL) ,'NMM (8.5 mL , 77.57 mmol), compound 2 
(Example 2) (10.08 g, 27.15 mmol) and HATU (1 1 .79 g . 31 .03 mmol) were added 
successively. The reaction mixture was stirred at RT overnight, then worked up as 
described previously. The crude diastefeomeric mixture was separated by flash 
chromatography (eluent - hexane : EfcO ; 25 : 75) to provide the dipeptide 6a (the 
less polar eluting spot) as a white foam ;(4.42 g ; 64% of the theoretical yield) and 6b 
(the more polar eluting spot) as an toory. foam (4 g.. 57% of theoretical yield). At this 
time both isomers were separated but the absolute stereochemistry was still not 

l/Mmtm I 



20 known. 
Example 7 



Determination of the absolute stereochemistry of compounds 6a and 6b by 
correlation with known t-butyl (1R-amlno-2R^thylcyclopropyl carboxylate 
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' 7a 
published compound 




O 



7b 




O- 




Boc-N. 



O 



o 1 




o 1 



7c 



6a 



Direct comparison by TUC, HPLC and 
NMR 



Prof . A. Charette . from the University of Montreal , provided compound 7a having 
the absolute stereochemistry as shown, which was determined by X-ray 
crystallography (J. Am. Chem. Soc. 1995, 117, 12721) . Compound 7a (13.2 mg . 

5 0.046 mmol) was dissolved in 1 M HCI/EtOAc (240 uL) and stirred approximately 48 
hours. The mixture was evaporated to dryness to provide compound 7b as a light 
yellow paste and was coupled to compound 2 (18 mg . 0.049 mmol) as described in 
Example 6, using NMM (20.3 uL , 0.185 mmol) and HATU (21 .1 mg , 0.056 mmol) in 
CH 2 CI 2 . The crude material was purified by flash chromatography ( eluent- hexane 

1 0 : EtaO ; 50:50 ) to provide the dipeptide 7c as an oil (7.7 mg ; 31 %). By TLC, HPLC 
and NMR comparison , dipeptide 7c, was found to be identical to the less polar 
compound 6a obtained in Example 6, thus identifying the absolute stereochemistry 
of 6a as (1R,2R). 



EXAMPLES 



Preparation of (IR, 2R)I(1S, 2R) 1-Boc-amino-2-ethylcyclopropylcarboxylic acid 
(8a): 




5e 



8a 
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The carbamate 5e from example 5 (2.6 g, 7.88 mmol) was stirred for 40 min in TFA 
at 0°C. The mixture was then concentrated and diluted with THF (10 mL). An 
aqueous NaOH solution (700 mg, 17.5 mmol in 8.8 mL of H 2 0) was added followed 
by a THF (13 mL) solution of (Boc) 2 0 (2.06 g, 9.44 mmol, 1.2 eq.). The reaction 
5 mixture was stirred overnight at RT (the pH was maintained at 8 by adding a 10 % 
aqueous NaOH solution when needed), then diluted with H 2 0, washed with Et 2 0 
(3X) and acidified at 0°C with a 10 % aq. citric acid solution. The aqueous layer was 
extracted with EtOAc (3X) and successively washed with H 2 0 (2X) and brine. After 
the usual treatment (MgS0 4 , filtration and concentration) the desired Boc-protected 
10 amino acid (8a) (788 mg, 3.44 mmol, 44 % yield) was isolated. *H NMR (CDCI 3 ) 5 
5.18 (bs. 1H). 1.64-1.58 (m, 2H), 1.55-1.42 (m, 2H), 1.45 (s, 9H), 1.32-1.25 (m, 1H), 
0.99(t,3H,J=7.3Hz). 

Preparation of (1R, 2R)f(1S, 2/?>1-Boc-amino-2-ethylcyclopropylcarboxylic acid 
methyl ester (8b): 

Q CH^Etp o y"^ 

>0^fi C0 2 H Et2 o ^ 0 ^N X C0 2 Me 

o°c 

15 8a 8b 

the Boc derivative 8a (0.30 g, 1.31 mmol) was dissolved in Et 2 0 (10 mL) and 
treated with freshly prepared diazomethane in Et 2 0 at 0°C until the yellow color of a 
slight excess of diazomethane remained. After stirring for 20 min at RT the reaction 
mixture was concentrated to dryness tp give 8b as a clear colorless oil (0.32 g, 
20 100%). 'H NMR (CDCI3) 5 5.1 (bs, 1H)- 3.71 (s, 3H), 1.62-1.57 (m, 2H), 1.55 (s, 9H), 
1.53-1.43 (m, 1H), 1.28-1.21 (m, 2H), 6.95 (t, J = 7.3 Hz, 3H). 

Example 9 

j 

Enzymatic resolution of methyl (1R, 2R)I(1S, 2R) Boc-1-amino-2- 
ethylcyclopropyl carboxylate: 
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* Analysis by HPLC using Chiralcel® OD-H column 
** other esters also acceptable (eg. Et) 

a) The enantiomeric mixture of (1S, 2R)/(1R, 2R) 1-Boc-amino-2-ethylcarboxylic acid 
methyl ester of Example 8 (0.31 g, 1.27 mmol) was dissolved in acetone (3 mL) and 
then diluted with water (7 mL) while being rapidly stirred. The pH of the solution was 

5 adjusted to 7.5 with 0.05M aqueous NaOH before Alcalase* [2.4L extract from Novo 
Nordisk Industrials] (300 mg) was added. During incubation pH was stabilized with 
NaOH and. a pH stat was set up to monitor the addition of the NaOH solution. After 
40 h the mixture was diluted with EtOAc and H 2 0 (with 5 mL sat. NaHC0 3 ) and the 
phases separated. The aqueous phase was acidified with 10% aqueous HCI and 

10 extracted with EtOAc, dried (MgS0 4 ), filtered and concentrated to give acid 9a (48.5 
mg). The absolute stereochemistry was determined using the correlation described 
in Examples 6 and 7. 

b) Treatment of an aliquot of acid 9a with diazomethane in Et 2 0 to give the methyl 
ester followed by analysis by HPLC using a chiral column [Chiralcel® OD-H, 2.5% 

15 Isopropanoi/hexane, isocratic] showed a 51 :1 ratio of the (1S,2R) isomer. 

a')The organic phase was dried (MgSO^), filtered and concentrated to give the 
unhydrolyzed esters (0.248 g). This material was re-subjected to the above enzyme 
protocol until the pH remained stable (9? h). After extraction as before, 0.146 mg 
(100%) of unhydrolyzed ester was recovered. Analysis by HPLC using a chiral 
20 column showed a ratio of >50:1 in favor of the (1R,2R) isomer. 

b 1 ) The aqueous phase was acidified with 10% aqueous HCI and extracted with 
EtOAc, dried (MgS0 4 ), filtered and concentrated to give the acid analog (82 mg). A 
portion of this material was treated with diazomethane and then analyzed by HPLC 
using a chiral column as before which showed a ratio of 65:1 of the (1S,2R) 
25 derivative. 
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Example 10 

Synthesis of (1R, 2Sy ( ls, 2S) 1-amino-2-eth y icyclopropyl carboxylic add: 

V7^^ C) DBU, Br^* \7^^ 

H0 2 cAx> 2 tBu CH3CN all^C^mtBu 

5d RT 2 

ethyl syn to the ester 1 0a 



„ „ e)B 3 KDPPA. D en Z8 ne 

d)7FA,CH>(^ \/ to********** 




10b 

Q1.0MTBAF 
THF 

ox 4 „ allylOOC 
RT to reflux 10d 

ethyl anti to the acid 
(RS)/(SS) 

Starting from acid 5d described in Example 5: 

c) To 5d (1.023 g, 4.77 mmol) in CH 3 CN (25 mL) were successively added DBU 
(860 uL. 5.75 mmol, 1.2eq.)andallylbromide(620nL,7.16mmol l 1.5 eq.). The 
reaction mixture was stirred for 4 h at RT and then concentrated. The residue was 
diluted with Et 2 0 and successively washed with a 10 % aq. citric acid solution (2x) 
HA saturated aqueous NaHC0 3 , H 2 0 (2x) and brine. After the usual treatment ' 
(MgS0 4 . filtration and concentration) the desired ester 10a was isolated (1.106 g, 
3.35 mmol, 91 % yield) as a colorless ojl. MS (FAB) 255 (MrT); 'H NMR (CDCI 3 ) 8 
5.96-5.86 (m. 1H), 5.37-5.22 (m, 2H), 4J70-4.65 (m. 1H), 4.57-4.52 (m, 1H), 1 87- 
1.79 (m. 1H), 1.47 (s, 9H), 1.45-1.40 (m, 1H), 1.33-1.24 (m, 3H), 1.03 (t J=7 3 Hz 
3H). 

! 

d) To ester 10a (1 .1 06 g, 4.349 mmol) m dry C^CI* (5 mL) at RT was added TFA (5 
mL). The reaction mixture was stirred for 1 .5 h and then concentrated to afford 10b 
(854 mg, 4.308 mmol, 99 % yield). MS (FAB) 199 (MhP); 1 H NMR (CDCfe) S 5.99- 
5.79 (m, 1H), 5.40-5.30 (m, 2H). 4.71-4.62 (m, 2H), 2.22-2.00 (m. 2H), 1.95-1 88 (m 
1H), 1.84-1.57 (m, 2H), 0.98 (t, J= 7.3 Hz, 3H). 

e) To acid 10b (853 mg, 4.30 mmol) in dry benzene (14.8 mL) were successively 
added Et3N (684 uL, 4.91 mmol, 1.14 eq.) and DPPA (992 uL, 4.60 mmol, 1.07 eq.). 
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The reaction mixture was refluxed for 4.5 h then 2-trimethylsilylethanol (1.23 mL, 
8.58 mmol, 2.0 eq.) was added. The reflux was maintained overnight then the 
reaction mixture was diluted with EfcO and successively washed with a 10 % 
aqueous citric acid solution, water, saturated aq. NaHC0 3t water (2x) and brine. 

5 After the usual treatment (MgS0 4 , filtration, concentration) the residue was flash 
chromatographed (5 cm, 10 to 15 % AcOEt- hexane) to afford carbamate 10c 
(1 .212g, 3.866 mmol, 90 % yield) as a pale yellow oil. MS (FAB) 314 (MH + ); 1 H NMR 
(CDCI 3 ) 6 5.93-5.84 (m, 1H), 5.32-5.20 (m, 2H), 5.05 (bs, 1H), 4.60-4.56 (m, 2H), 
4.20-4.1 1 (m, 2H), 1 .71-1 .60 (m, 3H), 1 .39-1 .22 (m, 1 H), 1 .03 (t, J= 7.6 Hz, 3H), 

1 0 0.96-0.86 (m, 1 H), 0.04 (s, 9H). 

f) To carbamate 10c (267 mg, 0.810 mmol) was added a 1.0 M TBAF solution in 
THF (1.62 mL, 1.62 mmol, 2.0 eq.). The reaction mixture was stirred overnight at RT, 
refluxed for 30 min and then diluted with AcOEt The solution was successively 
washed with water (2x) and brine. After the usual treatment (MgS0 4t filtration and 
1 5 concentration) the desired amine 10d was isolated (122 mg, 0.721 mmol, 89 % yield) 
as a pale yellow liquid. *H NMR (CDCI 3 ) 6 5.94-5.86 (m t 1H), 5.31-5.22 (m, 2H), 4.58 
(d, J=5.7Hz,2H), 1.75(bs,2H), 1.61-1.53 (m t 2H), 1.51-1.42 (m, 2H), 1.00(t, J= 
7.3 Hz, 3H) ( 0.70-0.62 (m, 1H). 

EXAMPLE 11 

20 Synthesis of ethyl-^/?^SJ/^S^S>1-afiiino-2-vinylcyclopropyI carboxylate: 

a)BuOK ^ Ph 

THF C0 2 Et 

-78°CtoO°C Pn 11c 

b)1Naq. HCI 

Et 2 0 
c) NaHC0 3 2 

. d)4N HCl/dioxane 

HCI HjN COjEt 

. vinyl syn to ester 

a) To a THF solution (180 mL) of potassium tert-butdxide (4.62 g t 41 .17 mmol, 1 .1 
eq.) at-78°C was added commercially available imine 11a (10.0 g, 37.41 mmol) in 
THF (45 mL). The reaction mixture was warmed to 0°C and stirred at this 
25 temperature for 40 min. The mixture was then cooled back to -78°C for the addition 
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or 1 «torc™hutene 1 lb (8.0 g. 37.40 mmoi, and then sttad „ o-o ,o r , „ ^ 

«~ 1 1.1 The reaCon mMure was 8na ,^ ^ „, e J J •» 
concentrated to yield compound 11c. 

5 b,c.d) 11c was taken up in Et2<>,265 mL) and treated with a INao Hn. , . 
0 - -M. « - 3, h a, nr. „e by ers were separated ^ 1^ 

10 the restfue was trcated with a 4N HCi sduton ,„ dtoxane (187 mL 748 mmo lr 

«-* W % ** 'H NMR (CDOy 6 9 ., 7 <bs. 3H) , 5.75.5.66 „ , ' 39 g ; d 2 , 87 
■7.2 Hz. ,H), 5.2, (d, J= 10.2 Hz, 1H), 4.35-4.21 (m , 2H) . J 2 ^ " ^ 
W * e.4. ,0.2 Hz, ,H, 1.76 ,dd, J. 6.4, 8.3 H 4 ,H,,4 <L ^, 3^ 

15 Example 12 



20 



25 



X (Boc)2 ° _ o 

Cl H a N+ co 2 Et — 1SS 4^ JL N X 

DMAP 7^0 B C0 2 Et 

THF 12a 

vinyl syn to ester 

The hydrochtoride sat, 1 ,d ,1.0 g, 5.2 rnmoQ and (BocWJ ,1.2 5.7 mmoi, were 
^d,„TH F( 30mL,andtre=,ed* D MAP ( 0.,3 9 .,. M L ol . 0J ^ aml 
c^r^min, ,2.8 mL, ,5.8 mnjoi,. The rea*„ mbdure was stirred24 h 

2 5%a 7°-™.-d sat b*»,me Cephas, wasdded (Moso,, 
^^^^^^^^^^ J a A** 1 

aOAc/hexmte), 12, ,0.29 9 . 23%,. .„ ^ (CDCW6 
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EXAMPLE 13 

Enzymatic resolution of ethyl (1RJSy(1S£S) 1-amino-2-vinylcyclopropyl 
carboxylate: 

H o NaOH 0 
vinyl syn to ester 13a($$J 

'Analysis by HPLC using Chlralcel® OD-H column 

a) Racemio derivative 12a (0.29 g, 1.14 mmol) was dissolved in acetone (5 mL) and 
diluted with H z O (10 mL). The pH was adjusted with 0.2N aqueous NaOH to 7.2 
before Alcalase® was added (300 mg). To keep the pH constant during incubation, 
a NaOH solution was added by a pH stat titrator over 9 days until the theoretical 
amount of base had been added. Following acid/base extraction as described in 
Example 9, the unhydrolyzed ester (0.15 g, 100%) and the hydrolyzed material 
(0.139 g, 95%) were isolated. Analysis of the unhydrolyzed ester by HPLC using a 
chiral column showed a ratio of 43:1 of the desired compound 13c. Compound 206 
(wherein Ri is vinyl, Table 2) was hydrogenated (10.8 mg, 0.015 mmol in 1 mL of 
EtOH with about 1mL of 20% Pd(OH) 2 under 1 atm of H 2 for 45 min) to yield 
compound 214 (wherein R, is ethyl, Table 2). Compound 214 had been assigned the 
(1R.2R) stereochemistry based on chemical correlation as described in Examples 6 
and 7 indicating that compound 206 (R, = vinyl) has the same absolute configuration 
as represented by 13c (albeit 1 R.2S because R^vinyl). 
Conditions for HPLC analysis: Chiratee)® OD-H (4.6 mm x 25 cm), isocratic 
conditions using a mobile phase of 2.5% isopropanol/hexane. 

EXAMPLE 14 J 

Resolution of (1R,2S)/(1S,2S) 1-amlnj>-2-vlnylcyclopropyl carboxylate by 
crystallization with dibenzoyl-D-tartaric acid 



HCI.H 2 N 




OEt 

(14) 
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Toasolution of auderacemic (island 1ft 2$ ethyl 1-amino-2-vfnylcyclopropyl 
carboxylate (obtained from N-(diphenylmethylene)glycine ethyl ester (25.0 g 93 5 
mol) as described in Example 13] in EtOAc (800 mL) was added dibenzoyl-D-tartaric 
acid (33.5 g, 93.5 mo!). The mixture was heated to reflux, left at RT for 15 min then 
i cooledtoO'C. Awhitesolidwasobtainedafter30min. The solid was filtered 
washed with EtOAc (100 mL) and air-dried. The solid was suspended in acetone 
(70 mL). sonicated and filtered (3x). The solid was next recrystallized twice in hot 
acetone (crop A). The mother liquors were concentrated and the residue was 
recrystallized three times in hot acetone (crop B). The two crops of the amorphous 
wh.te solids of dibenzoyl-D-tartaric acid salt were combined (5.53 g) and suspended 
in a mixture of EfcO (250 mL) and saturated NaHC03 solution (150 mL). The 
organic layer was washed with brine, dried (MgS0 4 ) and filtered. The filtrate was 
diluted with 1 N HCl/EfcO (100 mL) and concentrated under reduced pressure. The 
oily residue was evaporated with CO, to afford ethyl 1 (W>amino-2fS>vinyl 
cyclopropanecarboxylate hydrochloride (940 mg. 11% yield) as a white hygroscopic 
solid for which absolute stereochemistry was assigned by correlation with compound 
13c of Example 13. 

M? +39.5-C (c 1.14 MeOH); W » +88.5-C (c 1.14 MeOH); « H NMR (DMSO-d 6 ) 8 
9.07 (broad s. 2H). 5.64 (ddd. J=17.2. 10.4, 8.7 Hz, 1H). 5.36 (dd, J=17 2 1 6 Hz 
W), 5.19 (dd. J=10.4. 1.6 Hz, 1H), 4.24-4.16 (m, 2H). 2.51-2.45 (m, peaks hindered 
by DMSO, 1H), 1.84 (dd, J=10.0, 6.0 Hz. 1H). 1.64 (dd, J=8.3, 6.0 Hz, 1H). 1 23 (t 
J=7.1 Hz, 3H); MS (ESI) m/z 156 (MH)*; the enantiomeric purity was determined to 
be 91 % ee by HPLC analysis (CHIRALPAK AS« column, Hex:APrOH) of the Boc 
derivative. (Example 13) 

P4-P2 BUILDING BLOCKS 

Example 15 i 

i ' 

Synthesis of segment: Ac-Chg-Chg-Pro (4(fl)-naphthalen-1-ylmethoxy).OH 
(15g) I 
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15f 15g 

Compound 15a (same as compound 2! from Example 2)(4.45 g, 1 1 .98 mmol) was 
dissolved in anhydrous CH 3 CN (60 mL), DBU (2.2 mL, 14.38 mmol) and allyl 

5 bromide (1 .1 mL, 1 3,1 8 mmol) were added successively and the reaction mixture 
was stirred 24 h at RT. The mixture wa$ concentrated, the resulting oil was diluted 
with EtOAc and water and successively washed with water (2x) and brine (1x). The 
EtOAc layer was dried (MgS0 4 ), filterecj and evaporated to dryness. The yellow oil 
was purified by flash chromatography (eiuenthexane:EtOAc;90:10 to 85:15 ) to 

10 provide the product 15b as a yellow oil (2, 4.17 g; 85% yield ). MS (FAB) 412 MH + 

'H NMR (CDCb). mixture of rotamers ca.1 :2 , 8 (d, J= 8Hz, 1 H), 7.87 (d, J= 8Hz, 1 H), 
7.82 (d, J= 8Hz, 1H), 7.55-7.41 (m, 4H)| 5.95-5.85 (m, 1H), 5.34-5.21 (m, 2H), 5.03- 
4.88 (m ( 2H), 4.70-4.56 (m, 2H), 4.48 &;4.39 (t, J= 8, 15Hz, 1H), 4.28-4.23 (m, 1H), 
3.81-3.55 (m, 2H), 2.46-2.36 (m, 1H), 2.13-2.05 (m, 1H), 1.44 &1.41 (s, 9H). 
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Compound 15b (2.08 g , 5.05 mmol) was treated for 30 min at RT with 4N HCI / 
dioxane. Evaporation to dryness provided the corresponding amine-HCI as an oil. 
The amine-HCI 15c was dissolved in anhydrous DCM (25 mL) and NMM (2.2 mL, 
20.22 mmol), Boc-Chg-OH . H 2 0 (1.53 g, 5.56 mmol) and TBTU (1.95 g, 6.07 mmol) 
5 were added successively. The reaction mixture was stirred at RT overnight, then, 
diluted with EtOAc and successively washed with 10% aqueous citric acid (2x), 
saturated aqueous NaHC0 3 (2x), water (2x), and brine (1x). The EtOAc layer was 
dried (MgS0 4 ), filtered and evaporated to dryness to provide the crude product 15d 
as.a yellowish-white foam (ca 2.78 g, 100% yield). MS (FAB) 551.4 MH\ 1 H NMR 
10 (CDCI 3 ) 5 8.03(d, J=8Hz, 1H), 7.86 (b d, J= 8.5Hz, 1H). 7.84 (d, J= 8Hz, 1H), 7.56- 

7.40 (m, 4H), 5.92-5.85 (m, 1H), 5.31 (dd, J= 1, 17Hz, 1H), 5.22 (dd, J= 1, 10Hz, 
1H), 5.17 (d, J= 9Hz. 1H). 5.05 (d, J= 12Hz, 1H), 4.91 (d, J= 12Hz, 1H), 4.67-4.60 
(m, 3H), 4.31-4.27 (m, 2H), 4.16 (b d, J= 1 1Hz, 1H), 3.71 (dd, J= 4, 11Hz, 1H), 2.47- 

2.41 (m, 1H), 2.08-1.99 (m,1H), 1.85-1.63 (m, 5H), 1.44-1.40 (m, 1H), 1.36 (s 9H) 
15 1.28-1.00 (m,5H). 

The crude dipeptide 15d (ca.5.05 mmol) was treated with 4N HCI/dioxane (25 mL) 
as described for the synthesis of compound 15c. The crude hydrochloride salt was 
coupled to Boc-Chg-OH . H z O (1.53 g, 5.55 mmol) with NMM (2.22 mL, 20.22 mmol) 
and TBTU (1.95 g, 6.07 mmol) in DCM (25 mL) as described for the synthesis of 
compound 15d to yield crude tripeptide 15e as a yellow-oil foam. The crude material 
was purified by flash chromatography (eluent:hexane:EtOAc;80:20 to 75:25) to 
provide the tripeptide 15e as a white foam (2.75 g; 79% yield over 2 steps). MS 
(FAB) 690.5 MH + . 'H NMR (CDCfe), mainly one rotamer, S 8.06 (d, J= 8Hz, 1 H), 
7.87 (b d, J= 8.5Hz, 1H), 7.82 (d, J= Bljiz, 1H), 7.57-7.40 (m, 4H), 6.41 (d, jl 8.5 Hz, 
1H). 5.92-5.84 (m, 1H), 5.31 (dd, J= lJl7Hz, 1H), 5.23 (dd, J= 1, 10.5Hz, 1H), 5.04 
(d, J= 12Hz, 1H), 4.98 (b d; J= 7Hz, 1H), 4.93 (d, J=12Hz, 1H), 4.6*4.58 (m, 4H), 
4.25M.25 (m, 1H), 4.10-4.07 (m, 1H), 3j.9tW.84 (m. 1H), 3.72 (dd. J=4. 11Hz, 1H), 
2.48-2.40 (m, 1H), 2.07-1.99 (m, 1H), 1i.83-1.55 (m, 12H), 1.43 (s, 9H), 1.23-0.89 (m 
10H). 

30 The tripeptide 15e (2.75 g , 3.99 mmol); was treated with 4N HCI/dioxane (20 mL) as 
described for the synthesis of compound 15c. The crude hydrochloride salt was 
dissolved in anhydrous DCM (20 mL). NMM (1 .75 mL, 1 5.94 mmol) and acetic 
anhydride (752 ul, 7.97mmol) were added successively. The reaction mixture was 
stirred overnight at RT, then diluted with EtOAc. The organic layer was washed 
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successively with 10% aqueous citric acid (2x), saturated aqueous NaHC0 3 (2x), 
water (2x) and brine (1x), dried (MgSQ 4 ), filtered, and evaporated to dryness to 
provide the crude tripeptide 15f as a white foam (2.48g, 98% yield). 

MS (FAB) 632.4 MH+I. 1 H NMR (CDCI 3 ) t mainly one rotamer, 8 8.06(b d, J= 8Hz t 
5 1 H) ( 7.87 (b d t J= 8Hz, 1 H), 7.83 (d ( J= 8Hz, 1 H), 7.58-7.40 (m ( 4H), 6.36 (d, J= 9Hz, 
1H), 6.01 (d, J= 9Hz, 1H), 5.94-5.83 (m, 1H), 5,34-5.28 (m, 1H), 5.25-5.21 (m, 1H), 
5.05 (d, J= 12Hz, 1H), 4.94 (d, J= 12Hz, 1H), 4.64-4.57 (m, 4H), 4.30-4.23 (m, 2H), 
4.12-4.08 (m, 1H), 3.73 (dd, J=4, 11Hz, 1H), 2.49-2.42 (m, 1H), 2.08-2.01 (m, 1H), 
1 .99 (s, 3H) t 1 .85-1 .53 (m, 1 1 H), 1 .25-0.88 (m, 1 1 H). 

10 The crude tripeptide 15f (2.48 g, 3.93 mmol) was dissolved in an anhydrous mixture 
of CH 3 CN : DCM (20 mL). Triphenylphosphine (53.5 mg, 0.200 mmol) and 
tetrakis(triphenylphosphine)-palladium (0) catalyst (117.9 mg, 0.102 mmol) were 
added successively, followed by pyrrolidine (353.9 nL, 4.24 mmol). The reaction 
mixture was stirred at RT for 18 h. Thereafter, the solvent was evaporated. The 

15 residue was dissolved in EtOAc and 10% aqueous citric acid, and further washed 
twice more* with 10% aqueous citric acid, water (2x), and brine (1x). The organic 
layer was dried (MgS0 4 ), filtered and evaporated. The crude product was triturated 
in E^O: DCM (85:1 5) to provide after filtration the tripeptide 15g as a white solid 
(2.09 g, 90% yield). MS (FAB) 592.4 MH + 614.3 (M+Na)\ *H NMR (CDCI 3 ), 

20 mainly one rotamer, 5 8.08 (d, J= 8Hz, 1H), 7.93 (b d, J= 9Hz, 1H), 7.88 (b d, J= 

8Hz, 1H), 7.82 (d, J= 8Hz, 1H), 7.57-7.41 (m, 4H), 6.47 (d, J= 8.5Hz, 1H), 5.05 (d, J= 
12.5Hz, 1H), 4.94 (d, J= 12.5Hz, 1H), 4.73 (t, J= 9.5, 19Hz, 1H), 4.44-4.35 (m, 2H), 
4.26 (b s, 1H), 4.19 (d, J= 11.5Hz, 1H), 3.75 (dd, J=4, 11Hz, 1H), 2.47 (b dd, J= 7.5, 
13.5Hz, 1H), 2.20-2.11 (m, 1H), 2.04 & 3H), 1.88-1.41 (m, 11H), 1.30-0.80 (11H). 



j 



Printed from Mimosa 00/03/16 13:38:09 Page: 54 



WO 00/09558 



PCT/CA99/00737 



S3 



EXAMPLE 16 

Synthesis of segment Ac-Chg.Va|.Pro(4(fl)- n aphthalen.1.ylmethoxy)-OH (16e) 



0^ 



Boc-N 




Boc-Val- N 





10 



Boc-Chg-Val- N. 





Ac-Chg-VaK n 





Ac-Chg-Val- N 



16e 

Compound 16a (2.89 g, 7.02 mmol) was treated with 4N HCI/dioxane (30 mL) as 
described for the synthesis of compound 15c. The crude hydrochloride salt was 
coupled to Boc-Val-OH (1.53 g, 7.73 mmol) with NMM ( 3.1 mL. 28.09 mmol) and 
TBTU (2.71 g, 8.43 mmol) in DCM (35 mL) for 3 1/2 h as described for the synthesis 
of compound 15d to provide the crude dipeptide 16b as an ivory oil-foam (ca.3.60 g, 
100% yield). MS (FAB) 509.3 MH" 511.3 MH* 533.2 (M+Na)*. 'H NMR (CDCI 3 ) 8 
8.04 (b d, J= 8Hz, 1H), 7.87 (b d, J= 7Hz, 1H), 7.82 (d, J= 8Hz, 1H), 7.56-7.40 (m, 
4H), 5.93-5.85 (m, 1H), 5.34-5.28 (m. 1H). 5.24-5.19 (m, 2H), 5.04 (d, J= 12Hz, 1H), 
4.92 (d, J= 12Hz, 1H), 4.67-4.60 (m, 3H), 4.31-4.26 (m, 2H), 4.1 1-4.09 (m, 1H), 3.72 
(dd, J=4, 11Hz, 1H), 2.48-2.41 (m, 1H), 2.07-1 .99 (m, 1H), 1.44-1.36 (m, 1H), 1.37 
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(s, 9H). 1.01 (d, J=7Hz, 3H), 0.93 (d, J= 7Hz, 3H). 

The crude dipeptide 16b (ca.7.02 mmol) was treated with 4N HCI/dioxane (30mL) as 
described for the synthesis of compound 15c. The crude hydrochloride salt was 
coupled to Boc-Chg-OH • H 2 0 (2.13 g, 7.73 mmol) with NMM (3.1 mL, 28.09 mmol) 

5 and TBTU (2.71 g, 8.43 mmol) in CH 2 CI 2 (35 mL) as described for the synthesis of 
compound 15d to provide the crude tripeptide 16c as an ivory foam (ca.4.6 g, 100% 
yield). MS (FAB) 648.5 MIT 672.4 (M+Na) + . 1 H NMR (CDCI3) 8 8.06 (b d, J=8Hz, 
1H). 7.87 (b d, J= 7.5 Hz, 1H), 7.82 (b d , J= 8Hz. 1H). 7.57-7.40 (m, 4H). 6.46 (b d. 
J=-8.5Hz, 1H). 5.94-5.84 (m, 1H), 5.31 (dd, J= 1, 17Hz, 1H), 5.23 (dd, J= 1, 10.5Hz, 

10 1H), 5.03 (d, J= 12Hz, 1H). 5.00-4.97 (m, 1H), 4.93 (d, J=, 12Hz, 1H). 4.63-4.59 (m, 
4H), 4.29-4.27 (m, 1H), 4.10-4.07 (m, 1 H), 3.92-3.86 (m, 1H). 3.72 (dd, J= 5, 1 1Hz. 
1H), 2.48-2.41 (m, 1H), 2.10-1.99 (m, 1H). 1.76-1.57 (m, 6H), 1.43 (s, 9H). 1.20-0.92 
(m, 6H), 1.00 (d, J= 7Hz, 3H). 0.93 (d, J= 7Hz, 3H). 

The crude tripeptide 16c (ca.7.02 mmol) was treated with 4N HCI/dioxane (30 mL) 
1 5 as described for the synthesis of compound 1 5c. The crude hydrochloride salt was 
further treated with acetic anhydride (1.33 mL, 14.05 mmol) and NMM (3.1 mL, 28.09 
mmol) in CHjCk (35 mL) as described for the synthesis of compound 15d. The 
crude product was flash purified (eluent:hexane:EtOAc;30:70) to provide the 
acetylated protected tripeptide 16d as a white foam (3.39 g, 81% yield over 3 steps). 
20 MS (FAB) 590.3 MH' 592.4 MH + 614;4(M+Na)* 

1 H NMR (CDCb), mainly one rotamer, 5 8.06 (d, J= 8Hz. 1 H), 7.88 (b d, J= 8Hz, 1 H), 
7.83 (d, J= 8Hz, 1H), 7.58-7.41 (m, 4H), 6.37 (d, J= 9Hz. 1 H), 5.97 (d, J= 8.5 Hz, 
1H), 5.94-5.84 (m. 1H), 5.31 (dd, J= 1,j17Hz, 1H), 5.24 (dd, J= 1, 10.5 Hz, 1H). 5.05 
(d, J= 12Hz, 1H). 4.94 (d, J= 12Hz, 1H), 4.66-4.57 (m, 4H), 4.31-4.22 (m, 2H), 4.11- 
25 4.05 (m, 1 H), 3.73 (dd. J= 4.5. 1 1 Hz, 1 H), 2.50-2.43 (m, 1 H), 2.09-2.01 (m, 2H), 2.00 
(s. 3H), 1.68-1.55 (m, 5H). 1.15-0.89 (rn, 6H), 0.99 (d, J= 7Hz, 3H), 0.91 (d, J=7Hz. 
3H). | 

The acetylated tripeptide 16d (3.39 g. 5.73 mmol) was deprotected by 
tetrakis(triphenylphosphine)- palladium; (0) catalyst (172.1 mg. 0.149 mmol) with 
30 triphenylphosphine (78.1 mg, 0298 mmol) and pyrrolidine (51 6 nL, 6.1 9 mmol) in a 
1 :1 mixture of anhydrous CH 3 CN : DCM (30 mL) as described for the synthesis of 
compound 15g. The crude light yellow jtoam product was triturated in Et 2 0 : DCM 
(85:15) to provide after filtration the tripeptide 16e as an off-white solid (3.0g ; 95% 
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yield). MS (FAB) 550.3 MH' 

'H MMR (CDCI3) 8 8.08 (d, J= 8Hz, 1H), 8.04 (b d. J= 9Hz, 1 H), 7.88 (bd J- 7 5H z 
1H^.8 2(M =8H^^ 

2Hz, 1H), 4.61 (t, J= 9.5, 19.5Hz, 1H), 4.46-4.37 (m, 2H ). 4.27 (b s, 1H) 4 17 "(d J- 
1H,1H,,3.74(dd, J= 4,11H 2 ,1H),2.4 9( bdd. J= , 5 .13H,1H) 2, 

1H). 2.04 (s, 3H). 2.03-1.94 <m, 1H, 1.79 (b d, J= 12.5Hz, 1H), 1.62-1 43 (m 5 m 

1-08-0.85 On, 5H). 1.00 (d, J= 7Hz. 3H )( 0.90 (d, J= 7Hz, 3H). 

COMPOUNDS OF TABLES 1 TO 4 

EXAMPLE 17 

Synthesis of compound 104 of Table 1 



Boc-N. 





17b 



BooChg-l 
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17f compound 104 



Compound 17a (4.27 g, 7.93 mmol, described as compound 6a in Example 6) was 
treated with 4N HCI/dioxane (40 mL) for 5 h as described for compound 15c. The 
crude hydrochloride salt was dissolved in THF (10 mL) and a solution of NaOH 

5 (348.7 mg, 8.72 mmol) in H 2 0 (5 mL) was added, followed by a dropwise addition of 
(Boc) 2 0 (1 .73 g, 7.93 mmol) dissolved in THF (1 3 mL). The pH was maintained at 8 
by the addition of 10% aqueous NaOH as required. The reaction mixture was stirred 
vigorously, then diluted with EfeO and H 2 0 and extracted one time more with Et 2 0. 
The water layer was acidified to pH 3 with 1 0% aqueous citric acid. The mixture was 

10 extracted with EtOAc (3x). The combined EtOAc extracts were washed with H 2 0 
(2x), brine(1x), dried (MgS0 4 ), filtered and evaporated to dryness to provide crude 
compound 17b as an ivory foam (ca.7.93mmol). MS (FAB) 481 .3 MH' 1 H NMR 
(CDCb), ca.1:1 mixture of rotamers, 8 8.04 (bd, J=7.5Hz. 1H), 7.87 (b d, J= 7.5Hz. 
1H), 7.82 (d, J= 7.5Hz, 1H), 7.56-7.40 (m, 5H), 4.96 (b s, 2H), 4.33 (t, J= 7.5. 

15 14.5Hz, 1H), 4.21-4.09 (m, 0.5H). 3.99-3.84 (m, 0.5H), 3.78-3.75 (m, 0.5H), 3.68- 
3.62 (m. 0.5H), 3.61-3.42 (m, 1H), 2.55-2.41 (m, 1H), 2.22-2.11 (m, 1H), 1.61-1.52 
(m. 3H). 1.43 (s. 9H). 1.40-1.31 (m, 1H). 1.25-1.19 (m, 1H), 0.99 (t, J=7.5, 14.5Hz, 
3H). 

Compound 17b (ca.7.93 mmol) was treated with DBU (1.18 mL, 93 mmol) and 
20 altylbromide (4.1 2 mL, 47.61 mmol) In ahhydrous CH 3 CN (40 mL) for 48 h as 

described for compound 15b to provide the allylated dipeptide 17c as an ivory foam 
(3.54 g; 86% yield over 2 steps). MS (FAB) 521.3 MH" 545.2 (M+Na)\ *H NMR 
(CDCI3), ca.1:1 mixture of rotamers, 8 8.05 (b d, J= 8Hz, 1H), 7.86 (b d, J= 7.5Hz, 
1H). 7.82 (d, J= 8Hz, 1H), 7.55-7.40 (m, 5H), 5.88-5.79 (m, 1H), 5.27 (b d, J= 
25 17.5Hz, 1H), 5.18 (b d, J= 10Hz. 1H), 5.03^.89 (m, 2H). 4.63-4.50 (m, 2H), 4.44- 
4.19 (m, 2H), 4.00-3.40 (m, 2H), 2.70-2.02 (m, 2H). 1.66-1.35 (m, 5H). 1.44 (s, 9H), 
0.95 (t,J= 7.5, 14.5Hz, 3H). 
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The crude dipeptjde 17c (1.18 g, 2.26 mmol) was treated with 4N HCI/dioxane (35 
mL) as described for compound 15c. The crude hydrochloride salt was coupled to 
Boc-Chg-OH . H 2 0 (684 mg. 2.48 mmol) with NMM (993 jiL, 9.03 mmol) and TBTU 
(870 mg, 2.71 mmol) in DCM (11 mL) as described for compound 15d to provide the 
5 crude tnpeptide 17d as an Ivory foam (1 .41 g; 9 5 o/ 0 ). MS (FAB) 660.4 MH' 662 3 
MH*. 'H NMR (CDCI 3 ), mainly one rotamer, 8 8.03 (b d, J= 8Hz, 1H) 7 85 (b d J- 
8Hz, 1H), 7.81 (d, J= 8Hz, 1H), 7.56-7.39 (m. 5H), 5.88-5.77 (m, 1H), 5.26 (dd J= 
1.5, 17Hz, 1H). 5.15 (dd, J= 1.5, 10.5Hz, 1H), 5.12 (s, 1H), 5.02-4.92 (m. 2H), 4.72- 
4.59 (m, 1H), 4.57-4.46 (m, 1H), 4.42-4.35 (m, 1H), 4.3*4.20 (m, 1H). 4.02-3.90 (m 
10 1H), 3.78-3.70 (m, 1H). 3.67-3.51 (m, 1H), 2.71-2.61 (m, 1H), 2.12-2.02 (m, 1H) ' 
1.79-1.48 (m. 10H), 1.45-1.39 (m, 1H), 1.38 (s, 9H), 1.25-1.01 (m, 5H), 0.94 (t ' 
J=7.5. 14Hz, 3H). 

The crude tripept.de 17d (265 mg, 0.400 mmol) was treated with 4N HO/dioxane (3 
mL) as described for compound 15c. The crude hydrochloride salt was coupled to 
15 Boc-Chg-OH . H 2 0 (143.3 mg, 0.521 mmol, with NMM (176 ^ 1.60 mmo.) and 
TBTU (154.3 mg, 0.481 mmol) in DCM (3 mL) as described for compound 15d to 
provide crude tetrapeptide 17e as an ivory foam (ca.0.400 mmol : 100%). MS (FAB) 
799.5 MH" 801.5 MH* 823 (M+Na)*. «H NMR ( CDC, 3 ), ca. 1 : 1 mixture of 
rotamers, 5 8.05 (b d, J= 8.5Hz, 1H), 7.87 (b d, J= 7.5Hz, 1H), 7.81 (d, J= 8 5Hz 
fH), 7.55-7.40 (m, 4H), 7.37 (s, 1H), 6.58,-6.41 (m, 1H), 5.89-5.78 (m, 1H), 5 26 (b 
dd, J= 1.5, 17Hz. 1H), 5.16 (b dd, J= 1.5, 10.5Hz. 1H), 5.20A92 (m, 3H), 4.68-4 58 
(m, 2H), 4.57-4.47 (m, 1H), 4.4*4.26 (m, 1H), 3.99-3.81 (m, 2H), 3.78-3.60 (m 2H) 
2.67-2.60 (m, 1H), 2.11-2.02 (m, 1H), 1.78-1.42 (m, 14H). 1.44 &1.43 (s, 9H) i 25 - ' 
0.91 (m, 13H), 0.95 (t, J= 7.5, 15Hz, 3Hl). 

25 The crude tetrapeptide 17e (ca.0.400 nLl) was treated with 4N HCI/dioxane (3 mL) 
as described for compound 15c. The crude hydrochloride salt was further treated 
wrth acetic anhydride (83 ^ 0.884 mrrjol) and NMM (194 uL, 1.77 mmol) in DCM (3 
mL) as described for compound 151 to provide the crude acetylated tetrapeptide 17f 
as an ivory foam (ca.0.400 mmol). 

30 MS (FAB) 741.5 Mrf 743.4 MH + 765.4 (M+Na) + . 

'H NMR <CDCI 3 ) 5 8.05 (b d, J= 8.5Hz, jl H), 7.87 (b d, J= 7.5Hz, 1 H), 7.82 (d J= 
8.5Hz, 1H), 7.55-7.41 (m, 4H), 7.39 (s, *H). 6.63-6.48 (m, 1H), 6.01 (d, J= 8 5Hz 
1H), 5.90-5.79 (m. 1H), 5.27 (b dd, J= l' A 17Hz, 1H), 5.16 (b dd, J= 1.5, 10 5Hz' 



20 
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1H), 5.01 (d, J= 12Hz, 1H). 4.96 (d. J= 12Hz, 1H). 4.69-4.48 (m, 3H), 4.44^.37 (m, 
1H), 4.36-4.22 (m, 1H), 3.96 (dd, J= 4, 11Hz, 1H), 3.78-3.60 (m. 2H), 2.67-2.59 (m, 
1H), 2.10-2.00 (m, 1H), 2.01 (s. 3H), 1.78-1.48 (m, 13H), 1.45-1.35 (m, 1H), 1.26- 
0.89 (m, 13H), 0.95 (t, J= 7.5, 15Hz, 3H). 

5 The acetylated tetrapeptide 17f (ca.0.400 mmol) was deprotected by 

tetraMs(triphenylphosphine)- palladium (0) catalyst (11.3 mg, 0.010 mmol) with 
triphenylphosphine (5.12 mg . 0.020 mmol) and pyrrolidine (34 uL, 0.406 mmol) in a 
1:1 mixture of anhydrous CH 3 CN : DCM (2 mL) as described for compound 15g. The 
crude product was purified by flash chromatography (eluent - 1 st EtOAc, then, 2 nd 

10 1 .92% HOAc, 3.85% MeOH in DCM) to provide, after lyophilization, the tetrapeptide 
compound 104 of Table 1 as an off-white amorphous solid (193.1 mg; 73% yield 
over 5 steps). 

MS (FAB) 701.4 MH- 703.4 MH + 725.4 (M+Na) + . 
'H NMR (DMSO), ca.1 : 5 mixture of rotamers, 8 8.57 & 8.32 (s, 1H), 8.04 (d, J= 
15 7.5Hz, 1H), 7.94 (b d, J= 7.5Hz, 1H). 7.88 (d, J= 8Hz, 1H). 7.83-7.78 (m, 2H), 7.58- 
7.30 (m, 4H), 4.99 (d, J= 12Hz, 1H), 4.90 (d, J= 12Hz. 1H). 4.4*4.29 (m, 2H). 4.29- 
4.05 (m. 3H). 3.87-3.73 (m, 1H). 2.23-2.13 (m, 1H), 2.05-1.95 (m, 1H). 1.91 & 1.84 
(s, 3H), 1.75-1.40 (m, 15H), 1.29-0.84 (m, 12H), 0.91 (t, J= 7.5, 14.5Hz, 3H). 

EXAMPLE 18 . 
20 Synthesis of compound 1 05 of Table 1 




Compound 18b, i.e. corresponding to compound 5f of Example 5, was coupled to 
the preformed tripeptide 18a described previously in Example 15. More specifically, 
compound 18b (ca.0.521 mmol) was combined with compound 18a (323.6 mg, 
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0.547 mmol) in DCM (3 mL) and NMM (172 „L, 1.562 mmol), followed by the 
addition of HATU (237.6 mg, 0.625 mmol). The reaction mixture was stirred at RT 
for 1 8 h. after which it was worked up as described for compound 15d to give the 
crude tetrapeptide as a racemic mixture at Pi. Both isomers were partially 
5 separated by flash chromatography (eluent- toluene : EtOAc ; 40:60,. Combination of 
the first eluting fractions gave a 9:1 mixture in which analogous te*butyl ester of 17f 
was the major component (58 mg). The middle fractions contain different ratios of 
the corresponding te *butyf esters of 17f and compound 105 f-butyl ester (1 63 mg) 
The latter eiuting fractions proved the corresponding te *butyl ester of compound" 
10 105 as the major isomer (75.8 mg). 

The latter ester (74 mg, 0.0975 mmol) was dissolved in 4N HCI/dioxane (2 mL) 
stirred at RT for 5.5 h then evaporated to dryness to give an oil. Purification by flash 
chromato grap h y (eluent- 1 s, EtOAc,then 2 -1.92«/oHOAc,3.85 % MeOH,inDCM) 
y.elded, after lyophllization, compound 105 as a white-amorphous soiid (38 7 mg 
13 ^IdJ-HP^ 

104. MS and NMR data for compound 105: MS (FAB) 701.5 MH" 703 5 MH* 
725.6 (M + Nar. 'H NMR (DMSO), ca.1 : 2.5 mixture of rotamers, 8 8.76 & 8 34 (s 
1H) 8.05(b d. J= 7.5Hz, 1H )( 7.94 (b d, J= 8Hz, 1H), 7.88 (d. J=8.5Hz, 1H), 7.85- " 
7.78 (m, 2H), 7.59-7.43 (m, 4H). 4.99 (d, J= 12Hz, 1H). 4.89 (d, J= 12Hz, 1 H) 4 41- 
4.05 (m, 5H), 3.82-3.66 (m, 1H), 2.25-2.11 (m, 1H), 2.11-1.98 (m, 1H), 1.90 & 1 84 
(s. 3H), 1.78-1.40 (m, 15H), 1.39-0.82 (m, 12H), 0.90 (t, J= 7, 14Hz, 3H). 
Example 19 

Synthesis of compounds 103 of Table 1 

FoHowing the procedure described for the synthesis of compound 104 of Example 
17. the mixtures of 1(fl), 2(R) and 1(fl),2(S) isomers of intermediate compound lOd 
prepared in Example 10, were coupled With compound 2 to give a mixture of 
isomeric intermediate compounds 19a and 19b 



20 
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Boc-N. 




19a 



19b 



Following the procedures of Example 18. isomeric compounds 19a and 19b were 
separated and transformed into their corresponding compound of formula 1; to 
Isolate the corresponding compound 103 of Table 1 . 

S Spectral data: 

Compound 103: Rotamer population by NMR ca. (1 :8.7): 
MS (FAB) mte 703 (MH+); 1 H-NMR (DMSO-d 6 ) 88.21-8.09 (bs, 1H), 8.05 (bd, J = 
7.63 Hz, 1H), 7.94 (bd. J = 7.0 Hz, 1H), 7.91-7.83 (m, 2H), 7.83-7.76 (m. 1H). 7.59- 
7.5 (m. 3H). 7.5-7.43 (m. 1H). 4.99 (d. J = 11-8 Hz. 1H). 4.89 (d. J = 11.8 Hz, 1H). 

10 4.43-4.30 (m,3H), 4.23-4.16 (m. 1H).4.13(bd. J = 10.8Hz, 1H).3.71 (dd. J-11.1. 
4 Hz, 1H), 2.2-2.02 (m, 2H), 1.87 and 1.84 (2 x s. 3H), 1.81-1.71 (m, 2H). 1.70-1.40 
(m, 12H). 1.26-1.06 (m, 4H), 1.04-0.83 (m. 11H), 0.59 (m, 1H). 

EXAMPLE 20 

Synthesis of compound 108 of Table 1 




15 
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O-alJyt O-aflyf / 

Ac-AsHD)Glu-Chg^hg- n, * 




20 



25 



Compound 108 

The cmde le.tapep.de ,7, t™, Elam p,e , 7 (ca . a963 wm 
HCI/d,oxaneso,u,»„ (6mL) as deseed to,co m po„„d ,5c. Th^cmde 
hydtochloride salt was coupled to Boo<D)Glu(0-alM)-OH 133, o ™ , 

obta* * described for compound 15d. Hie etude pentapeptide 20b was^ 

'HNMR( CDCW .ca., : 4 mixta. o. totamets,S8.0S<d, J^SHz.™, 787,bd J 
7.5Hz. ,H,. 7.8, ( d. * 8.5H, , H) . 7.58-7.34 ,m. 5H,. 6.77-6.* * ^ 
*. »ft 5.38-5.21 ,m. 4H, 5,6 ,dd, J= ,.5. ,0.5Hz. ,H), 5.0M.69 ,1^68 
4.13 (m. 7H), 3.96-3.52 (m, 4H), 2.69-2.38 <m. 3H). 2^-,.87 (m 2H) 1 Z 
™ft ,.46 . ,.44 „ 9H,, ,22-0.87 (m . „„, 0 . 95 (l . J= 7 , ' ' 

^^.m^. 20b (cao.963 mmo, was ^ w1h 4N Hc| 

»,u^ ( 5mg a sd«cribed for compou^.,5,Tbecn 1 de h> d ro c hl o rid esal s 
coupled to ^(0^^(3,5.6^, 1.155 mrnol) with NMM (423 ul , " 
mmol) and TBTU (370.8 mo, 1 .,55 mmpl) In DCM (5 mL) as describedfor 
compound ,Sd. -me cntde hexapepBde 20c was obtained as an Ivoty loam 
(ca,.083o.„. 9 63mmo,,. MS<FAB, 1,47.6,^. 'HNMR <c2c W , ca „ 

m »*i re ol rot a m e re , 6 8.06(bd, J .8H4,H ) .7.86 ( d, J ,8H i ,H,78,t"6H 2 
HU.5.7.39 ( m. 5H>. 7.3 M ^ (m . 4». ,98*76 ,m, 3H)^ ( m t, 

5.1M.89 ,m, 2H). 4.684.05 (m. 10H). 3.87-3.58 (m, 4H,. 3.30-2 65 (m 2H 2 65 
-.39 (m3H,. ,78-1.33(1,1, ,9H,, ,47* U,^LmZ^ 
The cmde hexapep«de 20c (ca.0.963 mmoO was treated w»h 4N HCI /dioxam 

aoeNlated w* ace«c anhydride „82 * „93mmon and NMM ,423.5 uL. 3.850 
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mmol) in DCM (5 mL) as described for compound 15f to provide the crude acetylated 
tetrapeptide. The foam residue was purified by flash chromatography (eluent : 1 st 
hexane : EtOAc 20:80 to 10:90 and 2 nd pure EtOAc) to provide the acetyiated 
hexapeptide 20d as an Ivory foam (528 mg, 51% yield over 4 steps). MS (FAB) 
1067.6 (MH+) 1089.6 (M+Na). 

The acetylated hexapeptide 20d (528 mg, 0.495 mmol) was dissolved in DCM (3 
mL) and treated with a premixed, 15 min stirred solution of 
tetrakis(triphenylphosphine)-palladium (0) catalyst (90 mg, 0.078 mmol) and 
pyridine (134 uL, 1.603 mmol) in DCM (3 mL). The reaction mixture was stirred at 
RT for 48 h after which the solvent was evaporated. The crude product was purified 
partially by trituration in EfeO: DCM (85:15), then, purified in two batches by 
preparatory HPLC. Half of the partially purified material was dissolved in glacial 
HOAc (5 mL), filtered through a Millipore®: Millex®- HV 0.45^m filter and injected 
onto an equilibrated Whatman ParBsil® 10-ODS-3 (2.2 x50cm) C18 reverse phase 
column. Purification program : linear gradient at 15 mL/min, 230um, injected at 5% 
A; once all HOAc had eluted the program was begun - at 5% A for 10 min, 5-58% A 
in 70 min; A: 0.06%TFA / CH3CN; B : 0.06%TFA / H 2 0. Fractions were analyzed by 
analytical HPLC, appropriate fractions from both HPLC purifications were collected 
and lyophilized to provide the desired hexapeptide compound 108, as a white 
amorphous solid (21 8.3 mg, 47% yield). 

MS (FAB) 945.5 MH- 947.4 MH+ 969.5 (M+Na)+ 985.4 (M+K)+. 'H NMR 
(DMSO), ca.1 :9 mixture of rotamers, 8 8.55 & 8.31 (s. 1 H), 8.1 6 (d, J= 7.5Hz, 1 H), 
8.11 (d. J= 8Hz. 1H), 8.05 (d. J= 8.5Hz,:1H), 7.97-7.85 (m, 2H), 7.88 (d, J= 8.5Hz. 
1H), 7.75 (d, J= 9Hz, 1H), 7.59-7.39 (ml 4H). 4.99 (d, J= 12Hz. 1H). 4.89 (d, J= 
12Hz. 1H),4.53(dd, J=7, 14Hz, 1H), 4.08-4.45 (m, 6H), 3.77 (b dd, J=4. 11Hz. 1H), 
2.64 (dd. J= 6.5. 16.5Hz. 1H), 2.48-2.41 j(m, 1H), 2.25-2.12 (m. 3H), 2.07 & 1.82 (s, 
3H), 2.04-1.86 (m. 2H), 1.80-1.35 (m, 1^H).' 1.32-0.80 (m, 14H), 0.91 (t J= 7.5, 
14.5Hz, 3H). 
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Example 21 

Synthesis of compound 301 of Table 3 



o 

21a = 9c 



O . OBn 



P 



o 

21b 



21c 




Compound 301 

A solution of lithium hydroxide monohydrate (23 mg, 0.56 mmol) in H 2 0 (4 mL) was 
added to a solution of the ester compound 21a (45 mg. 0.185 mmol, described 
previously as the </?,/?) isomer 9c) in MeOH (3.5 mL) and THF (3.5 mL). The 
resulting solution was stirred vigorously for 16 h and then partitioned between EtOAc 
(60 mL) and 10% aqueous HCI (20 mL). The organic phase was separated dried 
(MgSO,), filtered and concentrated to gW e the corresponding acid in quantitative 
yield. 

This material (ca. 0.185 mmol) was combined with (SH-)-a-methylbenzylamine (27 
mg, 0.22 mmol), HATU (77 mg, 0.20 mmol), and DIPEA (0.1 1 mL, 0.65 mmol) in 
DMF (5 mL). After 20 h, the reaction was concentrated. The residue dissolved in 
EtOAc and the solution was washed sequentially with saturated aqueous NaHC0 3 
10% aqueous HCI, and brine before being dried (MgSO,). filtered and concentrated 
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in vacuo. Purification by flash chromatography (eluent 35% EtOAc/hexane) gave 1 
mg (28%) of the coupled product 21b. This material (1 1 mg, 0.033 mmol) was 
treated with 4N HCI/dioxane for 35 min. The reaction mixture thereafter was 
concentrated to dryness to give the hydrochloride salt of the corresponding amine. 
5 The latter product was coupled with: 



(33 mg, 0.036 mmol, prepared by procedures analogous to those of Example 15 and 
20), HATU (14 mg, 0.036 mmol) and DIPEA (0.116 mL, 0.02 mmol) in DMF (4 mL). 
After the reaction mixture has been stirred 16 h, the mixture was concentrated. The 

10 residue was dissolved in EtOAc. The solution was washed sequentially with 

saturated aqueous NaHCOa, 10% aqueous HCI and brine, dried (MgS0 4 ), filtered 
and concentrated in vacuo to give a white solid. This material (ca. 0.033) was 
dissolved in EtOH (6 mL) and treated with ammonium acetate (7 mg, 0.09 mmol) 
and 10% Pd/C (1 0 mg) under an atmosphere of hydrogen gas. After 3 h, the reaction 

15 mixture was filtered through diatomaceous earth. The filtrate was concentrated to 
dryness. The residue was then dissolved in DMSO and purified by preparative HPLC 
to give a white solid after lyophilization (17.6 mg, 57% yield over two steps). 
Spectral data: MS (FAB) ES' 932.6 (M-H)', 954.5 (M-NaV; HRMS calcd for 
C4 8 H67N70, 2 (MH + ) 934.49261, found: 934.49010; 1 H-NMR (DMSO,d 6 ) 8 8.90 (s, 1H), 

20 8.24 (d. J = 7.95 Hz, 1H), 8.14 (d, J = 7,63 Hz. 1H), 7.99 (d, J = 8.26 Hz. 1H), 7.79 
(d, J = 8.9 Hz, 1H). 7.75 (d, J = 8.26 Hz, 1H), 7.42-7.17 (m, 10 H). 5.00 (quintet, J = 
7.63 Hz, 1H), 4.7 (m. 1H). 4.52 (d, J = 11.76 Hz, 1H), 4.43 (d, J = 11.4 Hz, 1H), 4.33- 
4.2 <m, 6H), 3.70 (dd, J * 11.4 and 11.1; Hz,2H), 2.63 (dd, J = 5.7 and 5.7 Hz, 1H), 
2.45 (dd, J = 7.95 and 7.95 Hz, 1H), 2il-2.11 (m, 3H), 2.07-1.97 (m, 1H), 1.93-1 .83 

25 (m, 2H), 1.81 (s, 3H), 1.78-1.63 (m, 2H}, 1.54-1.41 (m, 2H), 1.39 (d, J = 7.0 Hz, 3H), 
1.29 (dd. J = 7.94 and 7.63 Hz, 1H), 1.15 (quintet, J = 7.0 Hz, 1H). 1.05 (m, 1H),0.90 
(d, J = 6.36 Hz, 6H), 0.88-0.83 (m, 1H), 0.71 (m, 9H). 

EXAMPLE 22 

Compound 107 of Table 1 was synthesized according to the protocol described in 
30 Example 17. 



OCHjPh 




C(0)OH 
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Rotamer population by NMR (1 :7.6) 

MS<FAB )m *675(MH,>; 1H-NMR (DMSO-d6)58.35-6.,9 (bs, 1H), 8.04 (d J. 
«. * 1H), 7.93 (bd, J = 7.3, * ,„,. 7.68 (d , j . 8 . 27 H2 . 1H) , m J 
2H). 7.59-7.49 (m . 3H,. 7.46 (dd. J = 7.95, 7.95 Hz. , H), 4.93 ft J . ,1 . h! 1 
* -39 (d, J = 11.6 Hz, ,H, 4.4M.34 (m , 1H,, 4.32 (bs. ,H>. 4.29*24 ^IH,' Z- 
4.15 , m . , H) , 4.09 (d, J k 11.3 Hz, ,H), 3.74 ,dd. J.,,.,. 4 Hz, ,H,, ^ , 2 f 
>H), 2.05-1.94 (m , 2H) , (s . ^ ,. 72 ., 42 ■ ^ 

(m. 13H), 0.85 (d, J = 6.68 Hz, 6H). 

Example 23 

10 Co.pouno |„ 4 ofTable1 ^ synthesfeKi acoon)lngi ofte protM<j| 

example 17. 

Rotamer population by NMR (1:7.5); 

MS (FAB, M: 747 (M+ Na-); (DMSOdrf 8 8.4M.24 (bs, ,„,, 8.07.8.0, 

m, H,, 7.96-7.9, ,m, , H) , 7.87 (d J = 8. 2 6 Hz, ,H), 7.85-7.76 , m , 2 H>, 7.58-749 
■5 m . 3H>. 7.46 (dd, J = 7.95, 7.95 Hz. 1 H), 7.30-7*1 4H), 7*0-7,4 , m , ,H, 4 98 
« J - - a Hz, ,H), 4.89 (d,J = 1,.8 Hz, 1H,. 4.4.M.34 , m , ,H), 4^4 » ,2 » 
4^*5 (m . , H) , 4.^,5 (m ,„, 4 . M (d , , . , , e ■ ^ * 

3H), 1.63-1.41 (m, 7H), 1.38-,.30( m , IHj, ,.27-1.21 (m , , H) , U2<94 (m 5H) 
"> 0 (l9 « l -' = 6'tHz,3H),0.84(d,J = 6.4Hz,3H). «"•»<). 
EXAMPLE 24 

Rotamer population by NMR ca. (1:6.3);- 

imif 6774 ' H " NMR ^ S0<W 5aS8 - «* * « -* 1H), 8.04 
ft J = 7.63 Hz, 1H), 7.93 (d, J = 7.63 H* ,H>. 7.91-7.81 ( m , 3H>, 7.59-7 49 (m 3H) 

7.49-7,43 ( m .'H).4.96(d, J ., 2 ,H^ ; , H ,.4.89 ( d. J = , 2 .,^,H M4 ,T 29 ? 
2 H,4*M,4« m , 2 „,,4, ,d. J = ,0^ ,H), 3.74 (bd, J = 7.63 J 1H) 2 2 t 
2.12 (m, ,H), 2.04-1.9!. (m, 2H), 1.90 and ,.84 ( 2 x s, 3H), 1.63-1.41 < m 9H) ' 1 39- 
'.26^3^,,.2,-,,5 (m ,, H) ,,^ i 9 2to 5H,.0. 92 ^ (m , 9H) ( ' M 



Printed from Mimosa 00/03/16 13:38:29 Page: 



WO 00/09558 



PCT/CA99/00737 



66 

EXAMPLE 25 

Compound 116 of Table 1 was synthesized according to the protocol described in 
Example 17. 

1 H NMR (DMSO-ds) 8 8.36 (s, 1 H), 8.14 (d, J = 8 Hz, 1 H), 8.04 (d, J = 8 Hz, 1 H), 
5 7.99 (d, J = 9 Hz, 1 H), 7.79 (d, J = 9 Hz, 1 H), 7.33-7.26 (m, 5 H), 4.54-4.42 (m, 3 
H), 4.30-4.21 (m. 5 H), 4.06 (d. J = 1 1 Hz, 1 H), 3.69 (dd. J = Hz, 1 H), 2.62 (dd, J = 
16, 10 Hz, 1 H), 2.47-2.42 (m, 1 H), 2.18-2.14 (m, 3 H), 2.02-1.87 (m, 2 H). 1.82 (s, 3 
H), 1.74-1.66 (m, 2 H), 1.54-1.47 (m, 2 H), 1.38-1.27 (m, 2 H), 1.21-1.18 (m, 1 H), 
0.97-0.85 (m, 1 1 H), 0.80-0.70 (m. 7 H). 

10 EXAMPLE 26 

Compound 121 of Table 1 was synthesized according to the protocol described in 
Example 17. 

'H NMR (DMSO-d 6 ) 8 9.12 (d, J = 6 Hz, 1 H). 8.64 (s, 1 H), 8.30 (d, J = 8 Hz, 1. H), 
8.12 (d, J = 9 Hz, 1 H), 8.05 (dd, J = 8, 7 Hz, 1 H), 7.97 (d, J = 8 Hz, 1 H). 7.80 (dd, J 
15 = 8, 7 Hz, i H), 7.66 (d, J = 9 Hz, 1 H), 7.54 (d, J = 6 Hz. 1 H), 5.70-5.61 (m. 2 H). 
5.26 (d, J = 17 Hz, 1 H), 5.07 (d, J = 12 Hz, 1 H), 4.52 (d, J = 12 Hz, 1 H), 4.39 (dd, J 
= 9, 8 Hz, 1 H), 4.23-4.12 (m, 2 H), 4.03-3.99 (m, 1 H), 2.66-2.54 (m, 1 H), 2.35-2.28 
(m, 1 H), 2.08 (dd, J = 9, 17 Hz, 1 H). 2.01-1.93 (m, 1 H), 1.83 (s, 3 H), 1.65-1.46 (m, 
5H), 1.41-1.38 (m, 1 H), 1.24-1.20(dd, J =9, 5 Hz. 1 H), 01.05-0.78 (m, 12 H). 

20 Example 27 

Compound 205 of Table 2 was synthesized according to the protocol described in 
Example 17. \ 

1 H NMR (DMSO-de) 8 9.14 (d, J = 6 Hzj l H), 8.60 (s, 1 H), 8.32 (d, J = 8 Hz, 1 H), 
8.14-8.06 (m, 2 H). 7.98 (d. J = 8 Hz. 1 H), 7.82 (dd, J = 8, 7 Hz, 1 H), 7.66 (d, J = 9 
25 Hz, 1 H), 7.55 (d, J = 8 Hz, 1 H), 5.75-5^66 (m, 2 H), 5.22 (d, J = 17 Hz. 1 H), 5.07 (d, 
J = 10 Hz, 1 H), 4.50 (d. J = 12 Hz, 1 H)i 4.39 (dd, J = 9, 9 Hz, 1 H), 4.23-4.08 (m. 3 
H), 2.56-2.50 (m, 1 H), 2.36-2.28 (m. 1 H), 2.04-1.97 (m, 1 H), 1.82 (s, 3 H), 1.62- 
1.41 (rri. 7 H), 1.24 (dd, J = 5, 4 Hz, 1 H). 0.94-0.75 (m, 12 H). 

Example 28 

30 Compound 1 17 of Table 1 was synthesized according to the protocol described in 
Example 20. 
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'H NMR (DMSO-d 6 ) 6 8.36 (s. 1 H) B 17 M I o u 

1 H), 7.56-7.45 (m, 4 H), 4.99 (d , J = 12 Hz 1 H) d no I, ' ' ' " 9 

J = 14, 7 Hz, 1 H), 4.37-4,2 ( 1 6 ^ £ ^ 

1.71 (m,1 H,, 1.69-1.42 (m .8 H) , l^nt.^Hz Z ^ , 

1 H>, 1.1M.85 (m. 15 H), 0.76-0.72 ( m , , H). <*. J . 12, » Hz, 

Example 29 

'HNMR(DMS(X W8 8A.( s ,,H,,8.12(d,j = 8 Hz1H)80S M , pu 

(s, 3 H), ,.70-,.64 (m , 1 „, ,56- .43 \ ^ 2 * 3 * « 

J = 8, 5 Hz, 1 H,. 0.99-0.72 (m, 21 H). «""" J = » Hz, 1 H). 1 .20 , dd . 

Example 30 

* ««c raM o M19 93,. ai ,p,4 9 3.,503,. Th,^^^ *^' 
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eukaryotic expression vectors. After transient transfection, the polyprotein 
processing mediated by the HCV NS3 protease was demonstrated by the presence 
of the mature NS3 protein using Western blot analysis. The mature NS3 protein was 
not observed with expression of a polyprotein precursor containing the mutation 
SI 165A, which inactivates the NS3 protease, confirming the functionality of the HCV 
NS3 protease. 

The DNA fragment encoding the recombinant HCV NS3 protease (amino acid 1027 
to 1206) was cloned in the pETI 1d bacterial expression vector. The NS3 protease 
expression in £ coli BL21(DE3)pLysS was induced by incubation with 1 mM IPTG 
for 3 h at 22°C. A typical fermentation (18 L) yielded approximately 100 g of wet cell 
paste. The cells were resuspended in lysis buffer (3.0 ml_/g) consisting of 25 mM 
sodium phosphate, pH 7.5. 10% glycerol (vA), 1 mM EDTA, 0.01% NP-40 and 
stored at -80°C. Cells were thawed and homogenized following the addition of 5 mM 
DTT. Magnesium chloride and DNase were then added to the homogenate at final 
concentrations of 20 mM and 20 ug/mL respectively. After a 25 min incubation at 
4°C, the homogenate was sonicated and centrifuged at 15000 x g for 30 min at 4°C. 
The pH of the supernatant was then adjusted to 6.5 using a 1M sodium phosphate 
solution. 

An additional gel filtration chromatography step was added to the 2 step purification 
procedure described in WO 95/22985 (incorporated herein by reference). Briefly, 
the supernatant from the bacterial extract was loaded on a SP HiTrap column 
(Pharmacia) previously equilibrated at a flow rate of 2 mLVmin in buffer A (50 mM 
sodium phosphate, pH 6.5, 10% glycerol, 1 mM EDTA. 5 mM DTT, 0.01% NP-40). 
The.column was then washed with buffer A containing 0.15 M NaCI and the protease 
eluted by applying 10 column volumes of a linear 0.15 to 0.3 M NaCI gradient. NS3 
protease-containing fractions were pooled and diluted to a final NaCI concentration 
of 0.1 M. The enzyme was further purified on a HiTrap Heparin column (Pharmacia) 
equilibrated in buffer B (25 mM sodium phosphate, pH 7.5, 10% glycerol, 5 mM DTT, 
0.01% NP-40). The sample was loaded at a flow rate of 3 mLmiin. The column was 
then washed with buffer B containing 0.15 M NaCI at a flow rate of 1.5 mL/min. Two 
step washes were performed in the presence of buffer B containing 0.3 or 1M NaCI. 
The protease was recovered in the 0.3M NaCI wash, diluted 3-fold with buffer B, 
reapplied on the HiTrap Heparin columnand eluted with buffer B containing 0.4 M 
NaCI. Finally, the NS3 protease-containing fractions were applied on a Superdex 75 
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The erayra e W a Ssto « a ,^ Candwastoweaon|caanadButcd . ustp(fortoiKc 
5 Example 31 

IMta* HCV NS3 protea^A ^ ^ aswy 

DDOT^MSYTW, ,s ceavsd between ». ^ ^ „ * 
enzyme. The seq-ence D DI VPC SMSY ™ corrcsporcs to „. NS5A)NS5B j£ 

Vj™ erected ^^^^,^^^1 
cofaete, KKGSW1VQRIILSQRK * ^ ^ ^ 

2~» o, rne separation 0 , ^ ^ > £££ 

—m beads .o toe assay raiaore ,o lk) w ed by 
amoan, of SMS{ ^-YJTW prodoc. found „ „ ^ ^ ITl 

^eo,s ul ^ t econve rel o„a„do ( meperce„ ag eo,,„ h lr ' 
A. Reagents 

MES and BSA w ere purchased from Sfgma. TCEP was obtained from Pierce DMSO 
from Aidrich and NaOH from Anachemja. 

TCEP (TCEP added just pnor to use from a 1 M stock solution in water) 
in DMSO stored at -20'C to avoid oxidation). 

Tracer reduced mono iodinated substrate biotin DDIVPC SMSf' 25 ! YITW M nM 
final concentration). 1 IJMn, ( lnM 

HCV MS3 protease type ,b. 25 nM «na, coneon*,**, ((rom . stock ^ ^ ^ 
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mM sodium phosphate, pH 7.5, 10% glycerol, 300 mM NaCI, 5 mM DTT, 0.01% NP- 
40). 

NS4A Cofactor peptide: KKGSWIVGRIILSGRK, 2.5 *iM final concentration (from a 
2 mM stock solution in DMSO stored at -20°C). 

5 B. Protocol 

The assay was performed in a 96-well polypropylene plate from Costar. Each well 
contained; 

■ £0 \*L substrate/tracer in assay buffer; 

■ 1 0 \iL ± inhibitor in 20% DMSO/assay buffer 

10 ■ 1 0 nL NS3 protease 1 b/NS4 cofactor peptide (molar ratio 1 :1 00). 

Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on 
the same assay plate. 

The enzymatic reaction was initiated by the addition of the enzyme/NS4A peptide 
solution arid the assay mixture was incubated for 40 min at 23°C under gentle 
15 agitation. Ten (10) \iL of 0.5N NaOH were added and 10 nL 1 M MES, pH 5.8 were 
added to quench the enzymatic reaction. 

Twenty (20) \xL of avidin-coated agarose beads (purchased from Pierce) were added 
in a Millipore MADP N65 filtration plate. THe quenched assay mixture was 
transferred to the filtration plate, and incubated for 60 min at 23°C under gentle 
20 agitation. 

The plates were filtered using a Millipote Multiscreen Vacuum Manifold Filtration 
apparatus, and 40 of the filtrate was transferred in an opaque 96-well plate 
containing 60 joL of scintillation fluid per well. 

The filtrates were counted on a Packard jTopCount instrument using a l-liquid 
25 protocol for 1 minute. j 

The % inhibition was calculated with the following equation: 

100 - [(<x)unts^^untSt^)/(countSctr<»untSb^x 100] 

A non-linear curve fit with the Hill model yvas applied to the inhibition-concentration 
data, and the 50% effective concentration (IC*,) was calculated by the use of SAS 
30 software (Statistical Software System; SAS Institute, Inc. Cary, N.C.). 
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Example 32 

FalHengtl, NS3*S4 A heterodlmer prateto ass., 

The NS2-NS5W non cc*g region was ,*,„«, ^ RT . pcR 

Canada,. The NS , N S4A DNA regfc, was »»„ * 
pFastBac- KTa baculorfres ^ y ™ 0 •» 

NS4AFL was then extracted from the cell lysate with 1 5% NP-40 n Z t f 

mM sodium phosphate, pH 7.5, 10% (w/v) glycerol, 0.5 M NaCI oasJil T 
The^eac^o,« s .N S ^S4AF ! L„asassa yedh 50 n *,T fe .Ha.pH 8 0 

notexceedssw T*. - ' DMS0 """"to"** did 

no. exceed 5a A. The reaction was terminated with the addition ol ,M MES pH 

30 ^^^"'^^^^"-^onaPe^C's 

30 ^^^^^^^'^wavelengra' 

nm; emission wavelenatfv 42^ nm\ a v « v *'«ngin. j& 

-^.o.e % iitr^rrzrer Hi " m " 8,,,as 
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Institute Inc., Cary, N.C.). 
Example 33 

NS3 Protease Cell-based assay 

This assay was done with Huh-7 cells, a human cell line derived from a hepatoma 
5 co-transfected with 2 DNA constructs: 

- one expressing a polyprotein comprising the HCV non-structural proteins fused to 
,n *™ followin 9 order : NS3-NS4A-NS4B-NS5A-ITA (called NS3); 

- the other expressing the reporter protein, secreted a.kaline phosphatase, under tne 
control of tTA (called SEAP). 

10 The poryproteln must be cleaved by the NS3 protease for the mature proteins to be 
released. Upon release of the mature proteins, it is believed that the viral proteins 
w,ll form a comptex at the membrane of the endoplasmic reticulum while tTA will 
m,grate to the nucleus and transactivate the SEAP gene. Therefore, reduction of 
NS3 proteolytic activity should lead to reduction of mature tTA levels and 
15 concomitant decrease in SEAP activity. 

To control for other effects of the compounds, a parallel transection was done 
where a construct expressing tTA alone (called tTA) was co-transfected with the 
SEAP construct such that SEAP activity is independent of NS3 proteolytic activity. 
Protocol of the assay: Huh-7 ceils, grown in CHO-SFMII + 10% FCS (fetal calf 
serum), were co-transfected with either NS3 and SEAP or tTA and SEAP using the 
FuGene protocol (Boehringer Mannheim). After 5 h at 37». the cells were washed 
trypsinized and plated (at 80 000 cells^ell) in 96-well plates containing a range of 
concentrations of the compounds to be|tested. After a 24-h incubation period an 
al,quot of the medium was drawn and the SEAP activity in this aliquot was measured 
25 with the Phospha-Light kit (Tropix). i 

Analysis of the percent inhibition of SEAP activity with respect to compound 
concentration was performed with the SAS software to obtain the EC*, 

The toxicity of the compound (TCso) was then assessed using the MTT assay as 

follows: 

30 20nL of a MTT solution (5mg/ml medium) was added per well and incubated at 37- 

for4hrs; 



20 
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the medium was removed and 50 pi of 0.01 N HCI + 10% Triton X-100 was added; 
alter shaking at RT for at least 1 hr, the OD of each well was read at 595 nm 
wavelength. 

The TCso was calculated in the same way as the ECso- 
5 EXAMPLE 34 

Specificity assays 

The specificity of the compounds was determined against a variety of serine 
proteases: human leukocyte elastase. porcine pancreatic elastase and bovine 
pancreatic a-chymotrypsin and one cysteine protease: human liver cathepsin B. In 

10 all cases a 96-well plate format protocol using a cobrimetric p-nitroaniline (pNA) 
substrate specific for each enzyme was used. Each assay included a 1 h enzyme- 
inhibitor pre-incubation at 30°C followed by addition of substrate and hydrolysis to 
*30% conversion as measured on a UV Thermomax® microplate reader. Substrate 
concentrations were kept as low as possible compared to Km to reduce substrate 

15 competition. Compound concentrations varied from 300 to 0.06 uM depending on 
their potency. The final conditions for each assay were as follows: 
50 mM Tris-HCI pH 8. 0.5 M Na 2 S0 4 , 50 mM NaCI, 0.1 mM EDTA, 3% DMSO, 
0.01% Tween-20 with; , 

[100 uM Succ-AAPF-pNA and 250 pM a-chymotrypsin], [133 vM Succ-AAA-pNA and 
20 8 nM porcine elastase], [133 \M Succ-AAV-pNA and 8 nM leukocyte elastase]; or 
[100 mM NaHPO« pH 6, 0.1 mM EDTA^ 3% DMSO, ImM TCEP, 0.01% Tween-20. 
30 vM Z-FR-pN A and 5 nM cathepsin B (the stock enzyme was activated in buffer 
containing 20 mM TCEP before use)]. , 

A representative example is summarizes! below for porcine pancreatic elastase: 
25 In a polystyrene flat-bottom 96-well plate were added using a Biomek liquid handler 
(Beckman): 1 

- 40 nL of assay buffer (50 mM Tris-HCI pH 8, 50 mM NaCI, 0.1 mM EDTA); 

- 20 nL of enzyme solution (50 mM T|is-HCI pH 8, 50 mM NaCI, 0.1 mM EDTA, 
0.02% Tween-20, 40 nM porcine pancreatic elastase); and 

30 • 20 nL of inhibitor solution (50 mM Tris-HCI, pH 8, 50 mM NaCI, 0.1 mM EDTA. 
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0.02% Tween-20, 1.5 mM-0.3 inhibitor. 15% vA, DMSO). 
After 60 min pre-incubation at 30-C, 20 nL of substrate solution (50 mM TnVHc. oH 

tmetheabsorbancewasreadontheUVThermornax^piatereader. RowsofweHs 
p,a| by the hquri handier using 50 mM Tns-HC, P H 8, 50 mM NaC, 0, mM EDTA 

, z:r o,i5%DMso - **~~~:r 

The percentage of inhibition was calculated using the formula: 
f 1 -((UV^-U V^UVcrUV,^))] x 1 00 
A"""-"™ • with the Hi,, mode, was applied to the inhibition-concentration 
15 software (Statistical Software System; SAS Institute, Inc., Cary N C ) 
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TABLES OF COMPOUNDS 

Compounds of the invention were assayed either in one or both of the assays of 
Examples 31 and 32 and were found to be active with IC» below 50nM (A); below 
5 5nM (B) or below 0.5nM (C). 

Activity in cells and specificity: 

RepTesentative compounds of the invention were also tested in the surrogate cell- 
based assay of Example 33, and in one or several assays of Example 34. For 

10 example, compound 233 from Table 2 was found to have an IC* of 1 nM in the 

assay of Example 32. The EC* as determined by the assay of Example 33 is 5.4 nM 
whereas other effects (tTA) were not detectable at concentrations up to 120»iM. 
Compound 233 has also been tested in the MTT assay and its TCk, was determined 
to be greater than 120uM, indicating that this compound is non toxic at its effective 

15 concentration. In the specificity assays of Example 34, the same compound was 
found to have the following activity. HLE >75uM; PPE >75uM; a-Chym. >75 uM; Cat. 
B >75uM. 

These results indicate that this family of compounds is highly specific for the NS3 
protease. 

20 The following tables list representative of the invention, he following abbreviations 
are used: MS: Mass spectrometric data; Ac: acetyl; Bn: benzyl; Chg: 
cyclohexylglycine (2-amino-2-cyclohexy|iaceticacid); Dnl: Dansyl; O-Bn: benzyloxy, 
Pip: pipecolic acid; Tbg: fert-butylglycine; 
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TABLE 1 
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Tab.l 
Cpd 


B 


P6 


PS 


P4 


Fi 


R 2 


Ri 


PI 

Ci-C 2 


MS U 

(Mm 


ictivity 
range 




















747 




116 


Ac 


Asp 


D-Glu 


Be 


Val 


OBn 


Et 


1R,2R 




C 


117 


Ac 


Asp 


D-Glu 


Chg 


Val 


l-NpCH 2 0 


Et 


1R.2R 


M+Na ' 
929.4 


C 


118 


Ac 






Chg 


Val 


1-NpCHaO 


Pr 


1R,2? 


677.4 


B 


119 


Ac 






Chg 


Val 


1-NpCH 2 0 


Pr 


1R.2? 


677.4 


A 


120 


Ac 


Asp 


D-Val 


Chg 


Val 


l-NpCH 2 0 


Et 


IR,2R 


M+Na 
899.5 


C 


121 


Ac 






ung 


Val 




vinyl 


1S,2R 


648.3 


B 


122 


Ac 


— 




Chg 


Val 




ethyl 


1R.2S 


726.6 


C 


123 


Ac 






Chg 


Val 




propyl 


]R t 2R 


740.3 


C 



i 



I 

I 

I 
i 
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TABLE 2 
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P6 



PS . Pi 



B, .M O." 



P3 



P2 




Prin,ed Mimosa 00/03/16 13:38:47 Page: 80~ 



WO 00/09558 



PCT/CA99/00737 




Printed from Mimosa 00/03/16 13:38:49 Page: 81 



WO 00/09558 



PCT/CA99/00737 



80 




Printed from MimosaOQ^oimS^T^^- 



PCT/CA99/00737 

WO 00/09558 

81 




Printed from Mimosa 00/03/16 13:38:52 Page: 83 



WO 00/09558 




from Mimosa 00/03/16 13:38:53 Page: 



WO 00/09558 



PCT/CA99/00737 



83 

TABLE 3 




TABLE 4 

P4 P3 ; 



y o r, i — r 

ViVx ^" 



Tab 4 
Cpd# 


B 


Y 


P4 


P3 

i 
1 


R2 


Ri 


MS I 
(MIT) 


act 
range 

C 


401 


Ac 


Me 


Chg 


Tbg : 




vinyl 


782.3 
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Tab 5 
cpd# 
507 1 


B 

11 

o 


R20 


MS 1 activity 

range 1 

871.4 C 


508 


HP? 




855.4 C 




H 




726.7 C 


510 


0 




901.7 C 


511 


Dnl 




959.4 C j 
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CLAIMS 



What is claimed is: 



1. 



A compound of formula (,), inciuding racemates, diastereoisomers 
isomers: 



and optical 



P6 P5 p 4 



B 







_ R . 

a 


0 



P3 P2 P1 

R, r- 



,\Rj 



R* 



(I) d 
wherein 

a is 0 or 1; b is 0 or 1; Y is H or C,., alkyl; 

«*— I «. C«a,ky,. or amldo optaa^^ 
when pres<!nl Is C„ alkyl substituted wM , carboy 
B.. when present is C„ alkyl optional^ subsMmed „„„ 
"< Is Ci.„ 8*111,-05., cyctoalkyf or C,. n (alkylcyctoalkyl); 
K> Is C,.„ alkyl. C„ cyctoalkyl or C„ (alkyfcydoalkyl); 
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or R20 is a Ce or C 10 aryl or Cm. aralkyl optionally mono-, * or tri-substituted with 

R2I1 

or R» is Het or (lower alkyl)-Het optionally mono-, di- or tri-substituted with R*. 
wherein each R« is independent* alkyl; Calkoxy, amino optionally mono- 
or di-substituted with C* alkyl; sulfonyl; NO,; OH; SH; halo; haloalkyl; am,do 
optionally mono-substituted with C« alkyl. C 6 or Co aryl, C 7 . 16 aralkyl, Het or 
(lower alkyl)-Het; carboxyl; carboxy(lower alkyl); C 6 or C 10 aryl. C™ aralkyl or 
Het. said aryl, aralkyl or Het being optionally substituted with R* 
wherein R* is Cealkyl; C^alkoxy; amino optionally mono- or di-substituted 
with C« alkyl; sulfonyl; N0 2 ; OH; SH; halo; haloalkyl; carboxyl; amide or 
(lower alkyl)amide; 
r, is C« alkyl or C M alkenyl optionally substituted with halogen; and 
W is hydroxy or a N-substituted amino; 
or a pharmaceutical* acceptable salt or ester thereof. 
2 The compound according to claim 1 . wherein, when B Is H or an acy. derivative 
' 0 f formula R 7 C(0), wherein R 7 is C„ alkyl; C* alkoxy; C, 7 cyc.oa.kyl optionally 
substituted with hydroxy; amido optionally substituted with C M alky, or Het; C 6 or 
C 10 aryl. C 7 . 16 aralkyl or Het all optionally substituted with C„ alky, or hydroxy. 

3. The compound according to claim 2, wherein R 7 is C« alkyl or Het. 

4. The compound according to claim 3, wherein said Het is selected from the 
group consisting of: • 




The 



compound according to claim 2, wherein B is selected from the group 
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10. 
11. 

1Z 
13. 

14. 

IS. 

16. 

17. 
18. 
19. 
20. 
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; or o 



consisting of: H. acetyl; 
The compound according to claim 5, wherein B is acetyl. 
The compound according to cfcim 1 . wherein B is R r so 2 and Ry is C 6 or C t0 
aryl, a C™ aralkyl or Het, all optionally substituted with C,« alkyl. 

^Tr p 7 G T aCCOfXJin9 10 C,alm 1 ' Wh6rein Rt * hen ^ iS the Side chain 

The compound according to claim 8. wherein R., when present, is the side 
chain of Asp. 

The compound according to claim 1 , wherein a is 0 and then R. is absent 
The compound according to cfcim 1, wherein R s , when present, is the side 
cha,n of an amino acid selected from the group consisting of: D-Asp L-Asd D 
g.u. l:g,u, D- Val , L . Val , D . tert . but ^ cjne ^ and L Jbg P " As "' 

The compound according to claim 1 1 . wherein R„ when present, is the side 
chain of D-Asp, D-Val, or D-Glu. 

The compound according to claim 12 wherein a u ,h«„ 

a " ' wnerein "s. when present, is the side 

chain of D-Glu. 

The comp OUnd according to Cairn 1, wherein a is 0 and b is 0, and then both R 6 
and R 5 are absent 8 

The compound according to Cairn 1 , wherein R 4 is the side chain of an amino 
^selected from the group consisting of: Val, cyclohexylgiyCne (Chg), Tbg. He 

r 

The compound according to claim j 5, wherein R« is toe side chain of Chg or He. 
The compound according to claim 16, wherein R, is the side chain of Chg. 
The compound according to claim 1. wherein Y is H, or Me. 
The compound according to Cairn 18, wherein Y is H. 

The compound according to Cairn i , wherein R, is the side chain of an amino 
acid selected from the group consisting of: lie. Chg, Val or Tbg. 
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The compound according to claim 20. wherein R 3 is the side chain of Val. Chg 
orTbg. 

The compound according to claim 21 . wherein R, is the side chain of Val or ; 
Tbg. 

The compound according to claim 1 , wherein R 2 is S-R*. 0-R M wherein R 2 „ is 
C 6 or Co aryl, C™ aralkyl. Het or -CH r Het, all optionally mono-, di- or tri- 
substituted with R*; 

wherein R 2 , is Chalky), C,. 6 alkoxy; amino, mono- or di-(lower alkyl)amino; 
" amido optionally mono-substituted with C„ alkyl, C 6 or C 10 aryl, C 7 , 6 aralkyl. 
Het or (lower alkyl)-Het; NO* OH; halo; trifluoromethyl; carboxyl; C 6 or C, 0 
aryl, C™ aralkyl, or Het said aryl aralkyl or Het being optionally substituted 
with R22; 

wherein R* is C,« alkyl; C^alkoxy, amino; mono- or di-Oower 
alkyl)amino; (lower alkyl)amide; N0 2 ; OH; halo; trifluoromethyl; or 
carboxyl. 

24 The compound according to claim 23, wherein R* is C„ alkyl; d« alkoxy. 
amino; di(lower alkyl)amino; (lower alkyl)amide; C 6 or C 10 aryl, or Het, sa.d aryl 
or Het optionally substituted with R a . wherein R22 is C 1j6 alkoxy; amino; di(lower 

- alkyl)amino; (lower alkyl)amide; halo or trifluoromethyl. 

25 The compound according to claim 23, wherein R 2 is 1-naphthylmethoxy. 2- 
naphthylmethoxy, benzyloxy, 1-naphthyloxy; 2-naphtyloxy. or quinolinoxy 
unsubstituted, mono- or di-substitu^ed with R„ wherein R* is as defined n 
claim 23. 

26 The compound according to claim 23, wherein R 2 is 1-naphtylmethoxy, or 
quinolinoxy unsubstituted. mono- or di-substituted with R« wherein R„ is as 
defined in claim 23. ; 

27. The compound according to claim 26. wherein R 2 is : 
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29. 

30. 
31. 



90 

orHet. C. 0, 0„ a* or Het op«o„a lly suteautea „„, „, R= „ J 

" « *. li C «* C^oxy; , ran0 . 

*Wam,no : Oower a^arr** N0 ,; OH : ha to ; „ ^ 

The compound acceding ,o cfcim 27. wherein n„ A te c. or C 10 ary. or He, a» 
opHonal* sutefct ed «, „. and „„ „ ^ ^J*- 

The compound according to cWm 29, wherein R„. * metnoxy. 

1 has me ft OT ,,g TOto n, represent by «. Mowing abeoMe coniiguL,* 





32. 



Wherein R, is as defined in claim 1. 

Thecompoundaccordingtoclaimai.whereinthe^substituentonPl is 




wherein R, is methyl, etnyl , propylt ^ a „ of ^ ^ ^ ^ ^ 

33. Th-con^ound-coan^toc.^^,.,^ 

34. The compound according to claim 33, wherein Rl is vinyl. 

35- The compound according to claim i , wherein W is hydroxy or a 
pnarmaceutfcaHyacc^^ 
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alkyl)amino or amino aralkyl. 

36. The compound according to claim 33, wherein W is hydroxy, or N(R l3 ,)R 13b 
wherein R 13a and R 13b are independently H, aryl or d-ealkyl optionally 
substituted with hydroxy or phenyl; or a pharmaceutical^ acceptable salt 
thereof. 

37. The compound according to claim 36, wherein W is -OH, -NH-benzyl or -NH- 
CH(Me)Ph. 

38. The compound according to claim 37, wherein W is -OH or -NH-(S)CH(Me)- 
phenyl. 

39. The compound according to claim 38, wherein when W is an ester, said ester is 
selected from the group consisting of: C^alkoxy, phenoxy, or aryl(Ci^alkoxy). 

40. The compound according to claim 39, wherein said ester is methoxy, ethoxy, 
phenoxy, benzyloxy, or PhCH(Me)-0-. 

41 . The compound of formula I according to claim 1 , wherein B is H, lower alkyl- 
C(0)-or Het-C(O)-; 

R 6i when present, is the side chain of Asp or Glu; 

R 5 , when present, is the side chain of D- or L-: Asp, Glu, Val, or Tbg; 

Y is H or methyl; 

R 4 is me side chain of Val, Chg, Tbg, lie or Leu; 

R 3 is hydrogen or the side chain of lie, Chg, Val, or Tbg; 

R 2 is 1-naphthylmethoxy, 2-naphthylmethoxy, O-Bn, 
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NHCOCH„halo,NH 21 NO s ,alkoxy 



NHCOCHj.halo.N^NO^alkoxy 



wherein R a is amino, d,(iower alkyljamino, (lower allege 
or COOH; ' e ' 

P1 is a cyclopropyl ring system of formula 



N0 2> OH, halo, CF 3 , 





42. 



wherein R, is ethyl, vinyl or bromovinyi; and 

Wis hydroxy or N(R 13a )R 13b wherein Ru, and R 135 are independently H aryl or C 
alkylopftonally substituted with hydroxy or phenyl- or anh ^ 
salt or ester thereof. j * ' * pharmaceu «««y acceptable 

Het-C(0)-; Rj, when present is the side chain of Asd- r whon 

side chain of D-Asp, D-Glu or D-Val- Y is H- R fe the h present ' is 106 

■ quinCinoxy.or 9 ° rTb *: R " s ^"aphthylmethoxy, ben.ytoxy, 4- 
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OMe, halo, NH- or NO z 



P1 is a cyclopropyl ring system of formula 




wherein R, is Et or CH=CH 2 or CH=CHBr; and 

W is hydroxy or NH-(S)-CHMePh, or a pharmaceutically acceptable salt thereof. 
43 The compound of formula I according to claim 1 . wherein B is acetyl; R 6 . when 
present, is the side chain of Asp; Rs, when present, is the side chain of D-Glu; Y 
is H; R4 is the side chain of Chg; R 3 is the side chain of Val or Tbg; R 2 is: 



OMe 




P1 is: 




-* — N v , 

! ° ;and 

W is hydroxy, or a pharmaceutically acceptable salt or ester thereof. 



44. The compound according to claim 41 represented by formula: 



Printed from Mimosa 00/03/16 13:39:04 Page: 95 



WO 00/09558 



PCT/CA99/00737 



94 



P6 



Vi; 



P5 



PA 



R 5 * H 



:« 




wherein B, P6, ps P4 p<» r „ 

. n. r*. P3, R 2( and R, are as defined below: 

R 2 



Tab.l B r> 6 ps ; p4 P3 
Cpd 

101 Ac 
r 102 Ac~ r 

id-11 ^ ; . 

104 Ac - 
~105 ' Ac "■' - 

106 Ac - 

107 ;"ac - 



~ [ Chg Val QBn 

~ ] Ch S Vi OBn 

- j Chg Chg l-NpCHjO 

~ Chg Chg l-NpCH 2 0 

| Chg Chg 1-N p ck 3 0 

\ Chg Vai KNpCHiO 

- Chg Val 



Et 

Et~ 

Et 

Et 

Et 



lOS^Ac , Asp b-G.ui Chg Chg ,-NpCH.O 



Me 

I-NpCHjO CHMej 



109 Ac ~ 

110 j Ac" : 

"ill Act - 

" 112~TAc~" - 
!113 "T AcT Z 
f li47'Ac1' ~ 

IlisT Ac" r _: 



Et 



Chg Val 



l-NpCH,0 CH 2 cT 
CH 2 Ph : 

; Chg VaJ l-NpCH 2 0 CH 2 OCH 2 ! 

...j | Ph 

1°* Vai l^pCH 3 o ((CH^ 

-!-~; ; Ph i 
i Val 1-NpCHjO 



Pi ~ 

c,-c 2 

1R.2R 

JR.2P 

1R.2? 

1R.~2R 

Ts,2s 

7r,~2?~" 

1R.2? 

1R.2R 

1R,2? 



Et 



-j^Chi ~Var~"l-NpCH 2 0 
~ | Chg VaT T^pCH 2 o 
Chg V^T'i^Hjb 
~ OBn~ "~ 



116 Ac j Asp fOKSIuj Hef: val 
"V ATI A* ■D-GUT Chg 1 Val UNpCHV 



Et 

Bn~ 

Bn 

It' 

Et" 



1R.Y? 
i~R~2T 
~1£2~R~~ 

~~is,2s~ 

' 1R,~2T~ 
1R.2? 
~~1rT2R~~' 
Th~2R~ 
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45. 



TdLlj B P6 i P5 j P4 ; KJ 

< Cpd j i i _ _ 

; 118 ! Ac | ^rr^TTchg f Val 



119 J Ac ; 



12ft "Aci 'r-t"Taigtvii' 



R2 




pi 
C1-C1 


l-NpCH 2 0 


, Pr ; 


1R, 2? 




; Pr ; 


1R, 27 


"T-NPCH2O" 

CO 


Et 

vinyl 


1R.2R 

1S.2R 






1 



122 Ac j — 



123 Ac j — 



Chg ! Val 



Chg ; Val 




"ethyl" ~1&2S 



propyl 1R, 2R 



The compound according to claim 41 represented by formula: 



• 0 
PI 



P2 



wherein P6. P5. P4, P3, R 2 , and R, are as defined below: 

' : Cpd# ; ; ■ ! j r _ 



201 ~ 



Chg : Val 



OBn 



202 ; — i 

t ; 

203 "i — 1 



Chg iChg 



l-NpCH 2 0 



Chg j Val ; 



204 — 



Chg i Val 



1-NpCHiO 

"""OBn 



: R, 

foScHi 

j 

tclScif2 

TCH=CH 2 
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Tab 2 
Cpd# 



P6 ; ps p 4 j m7 



206 



207 ; -~ 



208 



209 



210 



211 



CH=CH 2 



213 'i ' JL~ I ~ 




212 Asp i D-Glu i Chg ~ Vaj 



i - ; Chg I Val j 
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236 fAspiD-Glu; De i Val 
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Tab 2 l P6 j P 5 ■ P4 P3 



Cpd# 



237 — 



Chg : VaJ 



238 j Asp f D-Glu 1" Chg " fbg 




46. The compound according to claim 41 



represented by formula: 



B 



P6 



P5 



h S: <h ; 



P4 



H o 



P3 



P2 



wherein B, P6. P5 P4 P3 r d orir j ... 

. ra, r*» t kj, r 2 , and W are as defined 

TabJt ~B ; P6 P5 P4 P3 
Cpd# 
301 



below: 




w 



Ac ; Asp j D-Glu T iie Val 0 Bn 

302 ;Mj7^i5^lu'.'"^g ^ 



O 
PI 



R, W 

: Et \ NH-(J>- 
': CHMePh 
OH 



47. The 



compound according to claim 41 represented by formula: 
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Tab S '? b 

_cpd# L R » 
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49. 
50. 
51. 

52. 

53. 



54. 



55. 



56. 



57. 



A hexapeptide of formula I according to claim 44, selected from the group 
consisting of compound #:108; 116; 117; and 120. 
"A hexapeptide of formula I according to claim 45, selected from the group 
consisting of compound #: 212; 222; 236; and 238. 
A hexapeptide of formula I according to claim 46. selected from the group 
consisting of compound #: 301 and 302. 

A tetrapeptide of formula I according to claim 44 selected from the group 
consisting of compound #: 122; and 123. 

A tetrapeptide of formula I according to claim, 45 selected from the group 
consisting of compound #: 202; 203; 205; 206; 207; 208; 209; 210; 21 1; 214; 
215; 216; 218; 219; 220; 221; 223; 224; 225; 226; 228; 229; 230; 231; 232; 233; 
234; 235. 

A tetrapeptide of formula I according to claim, 47 selected from the group 
consisting of compound #: 401 . 

A tetrapeptide of formula I according to claim, or 48, selected from the group 
consisting of compound #: 501 ; 502; 503; 504; 505; 506; 507; 508; 509; 510; 
and 511. 

A pharmaceutical composition comprising an anti-hepatitis C virally effective 
amount of a compound of formula l according to daim 1, or a therapeutically 
acceptable salt or ester thereof, in admixture with a pharmaceutical^ 
acceptable carrier medium or auxiliary agent 

A method of treating a hepatitis C viral infection in a mammal by administering 
to the mammal an anti-hepatitis C virally effective amount of the compound of 
formula I according to claim 1 , or a therapeutically acceptable salt or ester 
thereof or a composition as described above. 
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58 



59. 



65. 



104 

composition according to claim 56. tester thereof ora 

oresterthereof, and an interferon. thera PeutJcally acceptable salt 

- The pharmaceutical composition according to claim 56 furtho 
second antiviral agent. c «'m 56, further comprising a 

The pharmaceutical composition according to claim 60 ^ , 

antivlra, agent is ribavirin or amantadine. ' *" ^ 

The pharmaceutical composition according to claim 56 forth*, - 
other inhibitors of HCV protease. comprising 

The pharmaceutical composition according to claim 56 f„ rth 
polymerase, metalloprotease or IRES. 

ro-r*. Mrta-P3-P2; and APG-P2; 
with a Pi intermediate of formula; | 



O-CPG 



61. 



62. 



63. 



64. 
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comprising the step of: 
. coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2; 

APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2; 
. with a P1 intermediate of formula: 




66. 



wherein Ri Is ethyl, vinyl or bromovinyl, CPG is a carboxyl protecting and P6 to P2 
are as defined in claim 1 . 

A process for the preparation of a peptide analog of formula (l) according to 

claim 1 , wherein P1 is a substituted aminocyclopropyl carboxylic acid residue, 

comprising the step of: 
. coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2; 

APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2; 
■ with a P1 intermediate of formula: 



O-CPG 




wherein 
claim 1. 



in R n is CPG is a carboxyl protecting group and P6 to P2 are as defined in 



67. 



68. 



The process according to claim 64, 65 or 66 wherein said carboxyl protecting 

group (CPG) is selected from the group consisting of: 

alkyl esters, aralkyl esters, and esters being cleavable by mild base treatment or 

mild reductive means. j 

Use of an amino acid analog of formula: 
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preparat.cn of a compound of fonnu.a , according to claim 1. 
69. Use of an amino acid analog of formula: 

O 

70. Use of an amino acid analog of formula: 




O 



for the preparation of a compound of formula I according to claim 1 . 
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